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The Rom imer varentheses refer to the bibliography at the end of the paper 
The occurrence of a wide range of climatic conditions within 
the same latitudes during successive geological periods, is probably 
better illustrated on the Australian continent than on any other 


portion of the earth’s surface. In Australia there have been 


three well-defined periods of glaciation, separated from each other 
by great intervals of time—Cambrian, Permo-Carboniferous, and 
Pleistocene. In each case the evidences of ice action are of con- 
siderable extent, all the distinctive features usual to areas that 
have undergone glaciation are unmistakably present, and in many 
instances the features are so clear and typical that it is difficult to 
realize the remote age of the ice marks. The purpose of the present 
paper is to give a brief summary of the main features of these 
extinct glacial fields of Australia. 


CAMBRIAN GLACIATION 


The Cambrian system is more fully developed in the state of 
South Australia than in any other part of the Australian continent, 
and forms the highlands running north and south from Kangaroo 
Island to Lake Eyre. A geosyncline was formed at the beginning 
of the Cambrian period, by the sinking of the old pre-Cambrian 
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floor below sea level. Then sedimentation followed, and there was 


laid down a great series of beds that reached forty or fifty thousand 
feet in thickness. 

The upper members of the series are characterized by purple 
sandstones and slates, quartzites, and numerous limestones, the 
whole being, typically, of a dark chocolate or purple color. Some 
of the limestones are highly fossiliferous, and contain, among others, 
representatives of the following genera: Olenellus, Ptychoparia, 
Dolichometo pus, Microdiscus, Leperditia, Stenotheca, Ophileta, Platy- 
ceras, Hyolithes, Salterella, Ambonychia, Obolella, Orthis, Orthisina, 
Hyalostelia, Girvanella. A limestone, near the upper limits of the 
series, consists almost entirely of Archaeocyathae, forming a “‘coral”’ 
reef 200 feet in thickness. 

The lower members, beginning with the Brighton limestone, 
near Adelaide, show the following succession in descending order: 
Brighton limestone, Tapley’s Hill ribbon-slates, Glacial till, Glen 
Osmond slates and quartzites, Upper phyllites, Black Hill (thick) 
quartzite, Lower phyllites, River Torrens limestone, Basal grits 
and conglomerates resting unconformably on a pre-Cambrian com- 
plex. The lower Cambrian beds are apparently destitute of organic 
remains, except for a few obscure traces of Radiolaria in the 
siliceous limestones. 

From the above order of succession the stratigraphical position 
of the glacial deposits is perfectly clear, and from their superior 
hardness, and association with an underlying quartzite, they form 
parallel ridges, being repeatedly brought to the surface by synclinal 
and anticlinal folds. The beds extend from near the south coast, 
for several hundreds of miles northward into the interior, having 
been traced as far north as Hergott (293° S. lat.); and in an east- 
and-west direction, from Port Augusta, at the head of Spencer 
Gulf, eastward to the Barrier ranges in New South Wales, a 
distance of 200 miles. 

Throughout this great extent of country the glacial beds pre- 
serve a remarkably uniform character. They attain a thickness 
of 1,500 feet, and for the most part consist of a bowlder clay or till, 
having a mudstone base which is gritty, and carries stones, irregu- 
larly disposed and of all sizes, up to 9 feet in diameter. The bowlder 
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clay sometimes passes into a coarse, angular grit in irregular 
masses; or includes sandstones, slates, and thin gritty limestones. 

The included stones are of the nature of erratics, being foreign 
to the localities in which they occur. They exhibit a great variety 
of types, such as granites, gneisses, and other granitoid rocks, 





Fic. 1.—Cambrian glacial till (showing erratics of granite, gneiss, quartzite, etc.). 
Sturt Valley, S. Aus. J. Greenlees, photo. 


quartzites, porphyrites, schists, etc., some of which cannot be 
referred to any locality within the limits of South Australia (see 
Fig. 1). 

The very close resemblance which this ancient till bears to ice 
deposits of a recent date is at once recognized by the experienced 
observer, but the glacial origin of the beds was not taken as proved 
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until the discovery of subangular erratics, faceted and ice-scratched, 
placed the question beyond doubt. These glaciated stones are not 
at all uncommon, and can be obtained from most of the outcrops 
of the till (see Figs. 2 and 3). 

The Lower Cambrian of South Australia has, in many places 
been subjected to considerable pressure and deformation. These 
diastrophic movements have affected the glacial beds in various 
ways. The mudstone has developed a rough kind of cleavage 
which causes the beds to weather into flaggy masses, at a high 


angle to the bedding plane, while the rock exfoliates in flakes 





Fic Glaciated erratic (quartzite) from Cambrian till, north of Petersburg, 


S. Aus. {natural size. W. Howchin, photo 
parallel to the cleavage. The lateral pressure has produced some 
interesting effects with respect to the included erratics. Those 
which possess unequal diameters have been caused to rotate in 
their beds until the longer axis of the stone has been brought into 
line with the planes of cleavage. This movement of the stone in 
its bed has produced a kind of laminar investment around the stone, 
imparting to the latter a skin of sericitic mica. Some of the stones 
show evidences of abrasion and carry pressure striae. This pres- 
sure striation can be easily distinguished from glacial striae. The 
former occurs as parallel lines, often raised, and covering most, 
if not all, the surface of the stone, and not unfrequently radial 
in direction; while the glacial striae are in the form of single 
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scratches, cross each other in various directions, and are cut into 
the stone to varying depths. Most of the elongated erratics are 
fractured transversely, with numerous gaping fissures which are 
sometimes filled with fibrous quartz (illustrated in Fig. 1). These 
fractures have probably resulted from strain acting along the 
planes of cleavage which has pulled the stone apart in successive 
planes. 

It is a somewhat difficult task to restore, in imagination, the 
physiographical conditions that prevailed at the remote period 





Fic. 3.—Glaciated erratic (quartzite) from Cambrian till, Umberatana, Flinders 
Range, S. Aus. 4} natural size. W. Howchin, photo. 


when this morainic material was laid down. From the nature of 
the evidence it is believed that the chief agent involved in laying 
down so vast a sheet of glacial débris was floating ice in an open 
and extensive sea. This sea was probably bounded on the south 
and west by moderate highlands, consisting of pre-Cambrian 
(Algonkian) quartzites, schists, limestones, and other sediments 
with exposed igneous batholiths and dikes of varied types. The 
pre-Cambrian complex had been subjected to great waste and 
was probably in the form of subdued relief at the time of the Cam- 
brian glaciation. Remnants of this pre-Cambrian continent are 
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found in the geological axes of the Mount Lofty ranges, Yorke 
Peninsula, and Kangaroo Island; the crystalline ranges of Eyre 
Peninsula, the porphyrite outcrops of the Gawler ranges, and the 
igneous and metamorphic plateau of Western Australia. 

In no instance has a glaciated floor been observed, the occurrence 
of which would suggest the probability of ice action above sea 
level. The absence of such an ice-marked floor, over the area in 
question, is not, however, to be wondered at when in no case have 
the glacial deposits been discovered in contact with a pre-Cambrian 
surface. The Cambrian till is found resting conformably on lami- 
nated quartzites in an orderly succession, and while the junction 
between the respective beds is always sharp and decided, it seems 
moderately certain that the glacial débris was laid down on a 
floor of contemporary marine deposits—in which case the agent 
of distribution must have been floating ice. This view is supported 
by the fact that the glacial material forms, practically, one con- 
tinuous sheet, spread over an immense extent of country, and 
maintains a remarkable uniformity as to thickness, lithological 
characteristics, and types of erratics throughout its entire extent. 
At the same time it is very probable that the ice-field was at no 
great distance from this area of deposit. Two glaciated erratics, 
composed of a very characteristic graphic granite occurring in the 
pre-Cambrian series of Yorke Peninsula, were found by the writer 
in the till on the Petersburg ranges, their probable source being 
150 miles to the southwest of where they were discovered. Among 
the erratics contained in the till, one of the most abundant is a 
porphyrite, which appears identical with the rock which comprises 
practically the whole of the Gawler ranges situated due west of 


the glacial deposit (I). 


PERMO-CARBONIFEROUS GLACIATION 

In its variety of features, wide distribution, and stratigraphical 
development, this must be regarded as by far the most important 
of the three periods of glaciation in Australasia. Glacial deposits 
of this age are represented in each of the Australian states, in- 
cluding Tasmania. In South Australia and Victoria the evidences 
are conclusive for the existence of land-ice during the Permo- 
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Carboniferous period, while in the case of the other states the 
morainic material is at places intermixed with sediments contain- 
ing remains of marine organisms which suggests a distribution, in 
part, by means of floating ice. 


SOUTH AUSTRALIA 


The earliest recognition of ice-marks, on the Australian con- 
tinent, was made by A. R. C. Selwyn in 1859, when engaged by 
the South Australian government to make a geological reconnais- 
sance of the country. In his official report he said: 

At one point in the bed of the Inman I observed a smooth striated and 
grooved rock surface, presenting every indication of glacial action. The bank 
of the creek showed a section of clay and coarse gravel or drift, composed of 
fragments of all sizes, irregularly imbedded through the clay. The direction 
of the grooves and scratches is east and west in parallel lines, or nearly at 
right angles to the strike of the rocks; and though they follow the course of 
the stream, I do not think that they could have been produced by the action 
of the water, forcing pebbles and boulders detached from the drift, along the 
bed of the stream. This is the first and only instance of the kind I have met 
with in Australia, and it at once attracted my attention—strongly reminding 
me of the similar markings I had so frequently observed in the mountain 
valleys of North Wales. 

Selwyn offers no suggestion as to the age of the glaciation. 

Eighteen years later (1877) the late Professor Ralph Tate 
(IV), of the University of Adelaide, announced his discovery of a 
glaciated pavement at Hallett’s Cove, situated on the coast, 15 
miles south of Adelaide and 30 miles north of the glacial discovery 
made by Selwyn. The polished and striated surfaces are exposed 
at intervals, for about a mile on the top of the sea cliffs consisting 
of purple slates and quartzites of Cambrian age. Tate, in the 
first instance, considered the glaciation to be synchronous with 
the Pleistocene glaciation of the northern hemisphere; but this 
view, on further evidence, was shown to be incorrect. 

The Hallett’s Cove glaciated surfaces are of a roche moutonnée 
type, extending inland for a quarter of a mile, and are covered 
with glacial drift, which, again, is overlain by marine beds of 
Miocene age. The morainic material fills in an excavated valley 


in the Cambrian beds, forming the “Cove,’’ and while giving a 
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thickness of 1oo feet above sea level, passes under water to an 
unknown depth. The glacial deposits consist mainly of a bowlder 
clay carrying erratics of all sizes up to many tons in weight. Many 
of the included stones are powerfully glaciated. 

It was subsequently found that Hallett’s Cove glacial features 
represented only a small outlier of a glacial field of far greater 
extent. In 1897, Professor T. W. E. David and the writer visited 
the Inman Valley with a view to the rediscovery of Selwyn’s 
“glaciated rock.’’ Near the seventh milepost from Victor Har- 
bor a very fine polished, grooved, and striated surface of hard 
quartzite was discovered partly bared in the banks of the Inman 
River. At the same time numerous large erratics, foreign to the 
locality, were seen either fixed in bowlder clay, or distributed along 
the hill sides adjacent to the river. The river bed was also, in 
places, thickly strewn with these erratics, some of immense size, 
washed out of the adjacent clay. 

As the result of observations, spread over a number of years, 
it is possible to gather some general ideas of the magnitude of the 
ice-flood. A sheet of morainic material, accompanied in many 
places with transported stones of large size, covers most of the 
southern portions of South Australia, east of Spencer Gulf;' includ- 
ing the southern half of Yorke Peninsula, Kangaroo Island, and 
Cape Jervis Peninsula from the Willunga ranges on the north to 
the sea on the south and the Murray plains on the east, an area 
that may be roughly estimated as 1oo miles by 130 miles. It is 
highly probable that these deposits formerly extended much 
farther north than their present occurrences, for outliers of the 
till are found in sheltered situations along the shores’ of Gulf 
St. Vincent and have been proved by borings to extend to a great 
depth below its waters. Important tectonic movements, in late 
Cainozoic times, brought these beds, in their northern extension, 
under conditions of rapid waste, which has probably led to the 
wiping out of the evidences of their occurrences in that direction. 

In one respect the South Australian Permo-Carboniferous 
glaciation possesses a distinctive feature of great interest, inas- 
Eyre Peninsula, on the west side of Spencer Gulf, has not up to the present 


been examined for the discovery of glacial evidences 
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much as the old glacial topography and surface features have 
been largely preserved, to the present day, throughout hundreds 
of square miles of country. This remarkable preservation of very 
ancient land forms has followed from a series of fortunate circum- 
stances: first, because the original relief became protected by 
vast accumulations of transported material; and, second, because 
throughout most of the Cainozoic periods the glaciated area was 
below sea level and thereby became further protected by marine 
deposits. No important lateral movements occurred during the 
intervals to disturb the horizontality of the beds. An elevation 
took place in late Cainozoic times, with the result that the marine 
deposits have all but disappeared from exposed situations; and 
now, with the further erosion of the underlying morainic material, 
the old-world hills and valleys, that had been carved into outline 
by an ice-sheet in late Paleozoic times, are slowly being unbur- 
dened and once more make the surface features. The conditions 
that prevailed over this area during Mesozoic times are doubtful. 
No rocks of the latter age are known to exist in the southern 
portions of South Australia, but the preservation of the glacial 
beds, dating from pre-Mesozoic times, would seem to indicate 
that during those periods the beds must have been either at, or 
below, base level. 

It is possible to gather a rough idea of the land features as they 
existed in southern Australia during this ice period. It is clear, 
both from the direction of the striae and the dispersal of the erratics, 
that the ice-sheet came from the south. At that time the main 
axis of elevation was to the south of the present continent, with 
upland valleys that opened out toward the north. Remnants of 
such uplands are preserved in the great granitic zone, the northern 
margin of which is seen in the prominent headlands and coasted 
islands. These southern highlands probably disappeared, in the 
main, when by a great Senkungsfeld along the southern limits of 
the continent, in early Cainozoic times, the land became submerged 
and admitted the sea over a wide belt of country. That this old 
watershed of the south had become greatly reduced—probably to 
an elevated plateau—at the period of glaciation, is suggested by 


the preponderating number of granitic rocks among the erratics. 
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Earth movements that have subsequently transpired have, in 
places, obscured the evidences of glaciation. A regional uplift, 
followed by extensive block faulting, occurred during the later 
Cainozoic times, when the Willunga and Mount Lofty ranges 
were elevated, and Gulf St. Vincent was developed by a series of 
trough faults. The effect of these movements has been to remove, 
through waste, the greater part of the morainic material from the 
elevated plateau, but at the same time the Senkungsfeld of Gulf 
St. Vincent has tended toward their preservation. A government 
bore put down, recently, at sea level, near Kingscote, Kangaroo 
Island, proved the glacial beds from the surface down to a depth 
of 1,094 feet, where they rest on Cambrian slates. 

While it is clear that the ice, in some of its stages, was sufficiently 
thick to pursue a course quite independent of the local contours, 
the valleys have retained the greatest evidences of ice erosion. It 
is probable that the main glacier, within the area now under descrip- 
tion, flowed down an upland valley that was in later times sub- 
merged through the land receiving a tilt to the south, and is repre- 
sented by Gulf St. Vincent at the present time. The bore at 
Kingscote, just referred to, probably penetrated this main valley, 
choked with its morainic material. 

The more interesting features of the glacial field are associated 
with what must be regarded as a glacier tributary to that which 
filled the depression of the Gulf. This tributary glacier occupied 
a wide valley, now drained by the Hindmarsh and Inman rivers 
and the Back Valley creek, together with their intermediate ridges, 
having an average width of 5 miles. The valley, at present, is 
truncated by the sea at its southern end, and follows a north- 
westerly course, up stream, passing over the present watershed 
of the Bald Hills and unites with the sea again at Normanville. 
on Gulf St. Vincent, having a land course of about 20 miles. 

The great interest attaching to the valley of the Inman, is in 
the glacial topography which it exhibits in very remarkable fea- 
tures throughout. The deepest floor of the valley, so far as at 
present known, was proved by a bore in Back Creek valley which 
penetrated 964 feet before touching bed rock and was in glacial 
till, sandstones, and bowlders throughout. This depth, added to 
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the height of the morainic material within the valley, gives a 
thickness of not less than 1,500 to 1,600 feet for the deposit. 





Fic. 4.—Polished, grooved, and striated pavement, too yards in length, covered 
by 9 feet of bowlder clay that contains erratics up to several feet in diameter. Exposed 
by a recent washout that cuts through the till down to the glaciated floor. The pave- 
ment is also seen in adjacent washouts proving the glaciated area to be over an acre 
in extent. Inman Valley, S. Aus. W. Howchin, photo. 


The Inman Valley is bordered on either side by ranges of Cam- 
brian and pre-Cambrian rocks, which form upland plateaus from 


1,000 to 1,800 feet high. While glacial evidences are not absent 
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from these highlands, the most striking features are developed 
within the valley proper. The spurs of the ranges are rounded, 
truncated, and shouldered in a very characteristic manner. The 
prominent points of the piedmonts, as well as the inliers of hard 
rock showing above the glacial deposits of the valley, are strongly 
glaciated, exhibiting roche moutonnée outlines on a large scale, 
and in many places showing polished and deeply scored surfaces 
(see Fig. 4). The crag and tail outline is always present in these 





Fic. 5.—Permo-Carboniferous roche moulonnées, of quartzite (partly quarried) 

t the entrance to the Inman Valley. The intermediate country, of scrub land, con- 

sts of glacial deposits, and, in the distance, is seen the gigantic roche moutonnée of 
Crozier’s Hill. W. Howchin, photo 


rounded hummocks. The St/ossseife maintains a gradual slope 
while the Leeseite is abrupt and broken, as when “plucked” by 
ice movements. The southern entrance to the valley is marked 
by two striking roches moutonnées surrounded by glacial till with 
granite bowlders, partly exposed, up to 9 feet in diameter (see Fig. 5). 
Crozier’s Hill, 520 feet high, situated near the middle of the 
valley, is another striking example of the same kind. Strangways 
Hill, a prominent spur, nearly goo feet high, on the northern side 
of the valley, was in the direct path of the glacier, but failed to 


divert its flow, as evidenced by powerfully glaciated pavements 
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on both sides of the hill, the striae in each case showing that the 
ice took a direct course over the ridge (see Fig. 6). The Bald 
Hills, which form the present water-parting between the two seas, 
were also overflowed by the ice-sheet. The summit and western 
side supply abundant evidences of this in ice-polished surfaces, 


glacial till, and large erratics. 





Fic. 6.—Very strongly glaciated Permo-Carboniferous pavement of siliceous 
quartzite, 9 feet by 3 feet, on the southern slope of Strangway’s Hill, Inman Valley. 
rhe striated floor, which is of unknown extent, is covered with bowlder clay, and the 


photographed portion was freshly uncovered by the writer. IW. Howchin, photo. 


The morainic material originally filled up all the inequalities 
of surface, reaching up to the level of the plateau country, some 
1,500 feet above present sea level. This, with the 1,094 feet in 
the Kingscote bore near sea level, gives a total thickness for the 
glacial deposits of about 2,500 feet. If the trough-fault of Gulf 
St. Vincent extends to Kingscote, it is possible that these figures 
are too high, being exaggerated by such faulting. 
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The glacial deposits vary from a stiff blue clay to sandstones. 


The clay is often gritty and carries pockets of sand and stones, 
with isolated larger stones up to 20 feet in diameter. Many of the 
included erratics are strongly glaciated (see Fig. 7). The sand- 
stones are of very unequal hardness, varying from a loose friable 
stone to a highly indurated or siliceous rock, and are often pebbly. 





Pr Glaciated erratic of quartzite, taken from Permo-Carboniferous bowlder 
clay, in washout at Poole’s Flat, near Normanville,S. Aus. 4 natural size. W. How- 


chin proto, 


The planes of deposition are distorted in places and the microscopic 
structure of the stone gives striking contrasts. In the same section, 
highly rounded quartz grains are mixed with angular and splintery 
quartz, and in some cases the stone is entirely composed of the 
latter. The ground mass consists of exceedingly minute fragments 
of comminuted quartz known as ‘“‘rock-flour.”” The sandstones 
are quarried in places for road metal and building stones. The 
sandstones are mostly characteristic of the upper members of the 
series and the bowlder clays of the lower. In the extensive dis- 
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tricts of Mount Compass and the River Finniss the bowlder clays 
form broad valley flats, which, from their retention of water, give 
rise to numerous swamps. 

The geological age of the South Australian beds is largely a 
matter of inference. They rest on a Cambrian or pre-Cambrian 
floor, and are overlain in places by marine deposits of Lower 
Tertiary age, the latter resting on the eroded surfaces of the tillite. 
In lithological characteristics the South Australian deposits show 
a close resemblance to the Victorian glacial beds, the age of which 
can be demonstrated. This, together with the impossibility of 
finding any other glacial horizon in Australasia with which the 
beds in South Australia can be synchronized, forms the basis on 
which the deductions as to age have been made (IV—XI]). 


VICTORIA 


The first observations of glacial evidences in Victoria were 
made by Mr. (Sir) Richard Daintree, a member of the Geological 
Survey, who in 1866 reported the occurrence of glacially striated 
pebbles in the valley of the Lerderberg River, near Bacchus Marsh. 
Little notice was taken of this discovery till 1890, when Mr. E. J. 
Dunn, now director of the Victorian Geological Survey, read a 
paper on the subject before the Australian Association for the 
Advancement of Science (XIII). Two years later the same author 
published a more particularized account of similar glacial beds 
occurring in Wild Duck Creek, in the Heathcote district (XIV). The 
Victorian Permo-Carboniferous beds have been further described 
by Messrs. Officer and Balfour (XV), Messrs. Sweet and Brittlebank 
(XVI), and others. 

The localities where the glacial beds are developed are both 
numerous and widely distributed, but in no one case cover a very 
large area. They occur on both sides of the Dividing Range, in 
basins and protected situations, as fragments of what once must 
have been a widely extended sheet of drift. The chief localities 
on the north side of the Dividing Range are in the districts of 
Springhurst and Beechworth, near the northeast borders of Vic- 
toria; the neighborhood of Greta, where a number of isolated 
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outcrops occur; Wild Duck Creek and neighborhood, near Heath- 
cote; and still farther to the west, at Bendigo and the Loddon 
Valley, where the glacial beds outcrop in the creeks and are also 
met with in sinking on the deep leads, underlying basalt. On the 
south side of the divide the principal localities are grouped near 
Bacchus Marsh, adjoining the Adelaide and Melbourne Railway, 
with excellent sections in the valleys of the Lerderberg River, 
Myrniong Creek, and the Korkuperrimal Creek. 

Che glacial beds rest unconformably on Ordovician and Silurian 
rocks, which, in both the Heathcote and Bacchus March districts, 
exhibit polished and striated pavements. The beds of the Wild 
Duck Creek section are 400 feet in thickness and can be traced 
for more than 15 miles in length. The till carries numerous 
erratics, some of which are estimated to weigh 20 to 30 tons. 

In 1896 Professor T. W. E. David published a comprehensive 
description of the Bacchus Marsh area, accompanied by detailed 
sections (XVIII). The glacial beds are characterized by hard 
and soft mudstones, conglomerates, and sandstones, having a pre- 
vailing dip ranging from 15° to 60°, and an estimated thickness of 
2,000 feet. The mudstones or bowlder beds have the appearance 
of a typical tillite, and in their softer portions might have been 
mistaken for a Pleistocene glacial till. These mudstones make up 
the greater part of the section and are interstratified with thinnish 
sandstones. The thickest till bed in the series, according to David, 
measures 193 feet. The included erratics are very plentiful, 
exhibit a great variety of lithological types, and, in many instances, 
are irregularly worn, smoothed, soled, and striated (XVIII, p. 297). 

The Bacchus Marsh section passes up into variable sandstones 
carrying, in places, patches of conglomerate. These sandstones 
are of considerable interest as they contain plant remains which 
determine the age of the beds. Among these are three species of 
Gangamo pleris, and at a somewhat higher horizon, Zeugophyllites, 
Schizoneura, and others. These remains, taken in conjunction 
with their occurrences in other parts of Australia, determine the 
beds to be of Permo-Carboniferous age. 

The evidence that the glaciation of Victoria in Permo- 
Carboniferous times was effected above sea level and by land-ice 
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seems conclusive. There is an entire absence of marine deposits 
throughout the sections, while the existence of polished pavements 
in suitable situations beneath the bowlder clay cannot well be 
explained by any other hypothesis.‘ In this particular the Victorian 
glaciation agrees with the South Australian of the same age, but there 
has occurred in the sequel a greater tectonic activity in Victoria than 
in South Australia, which has disturbed the surface contours and 
wiped out most of the contemporaneous glacial topography that 
is so striking a feature in South Australia. 


TASMANIA 

Rocks of Permo-Carboniferous age are very generally distributed 
throughout Tasmania. They give evidence of alternations of dry 
land with fresh water and shallow marine conditions. In places 
they contain productive coal measures. During the early stages 
of this geological period the present island of Tasmania formed 
part of the continental mass, and came under the glacial conditions 
which laid such a heavy hand on Australia at that time. 

The locality most favorable for the study of the glacial beds of 
Tasmania is on the north coast, in the neighborhood of Wynyard, 
where for a distance of five miles the bowlder beds are exposed 
along the beach. The beds dip at rather a low angle (5°—10°), 
have a thickness of over 1,200 feet, and are overlain by fossiliferous 
beds of Eocene age. The beds, which have been worked out in 
great detail by Professor T. W. E. David (XXIII), consist, lithologi- 
cally, of characteristic tillites and conglomerates, all of which 
carry glaciated stones in greater or less numbers; and these are 
interbedded by thinner members consisting of sandstones and 
laminated shales. No glaciated floor has been discovered either 
here or elsewhere in Tasmania. The rotten Ordovician slates, on 
which the beds rest at Wynyard, are unsuited for the preservation 
of such a smoothed pavement, but the entire absence of marine 
remains throughout the very thick glacial series suggests the 
terrestrial origin of the deposits. 

* A polished surface beneath the bowlder clay in the Bacchus Marsh district is 


figured by Gregory, inhis Australasia, p. 416 (Stanford’s ““Compendiumsof Geography,”’ 


New Issue, 1807). 
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Among the included erratics are angular masses of slate carry- 
ing Silurian fossils. The nearest source for such erratics, according 
to Mr. W. H. Twelvetrees, is upward of 30 miles to the southwest 
of Wynyard; while examples of a pink granite, which also occurs 
as bowlders in the till, is not found nearer than the ranges, also to 
the southwest, and about the same distance away. The most 
angular blocks contained in the till consist of graptolitic slates, 
resembling the rocks of the immediate neighborhood, a strong 
argument in favor of the agency of land ice. The erratics are 
mostly of moderate size but are found up to 5 feet in diameter, 
and, on the statement of Professor David, a large proportion is 
intensely glaciated. 

An interesting feature in the Wynyard beds, discovered by 
Professor David, was the existence of striated pavements in the 
body of the till, at three distinct horizons. Concerning these he 


says, 


As a rule striated pavements were not observed in the bowlder clay where 
it was of considerable thickness, such striated pavements as were noticed 
appeared to be restricted to thin patches of bowlder clay interbedded with 
conglomerate. . . . . In most cases the grooving and striation is about N. 30 
E., that direction being the lee side so that the ice in this locality evidently moved 
from about S. 30° W. toward N. 30° E. (XXIII, p. 277). 

In the southern portions of Tasmania the Permo-Carboniferous 
glacial beds crop out at about sea level, along the intricate coast- 
line and islands of the southeast. Good sections are seen on Bruni 
Island (One Tree Point), where, Mr. R. M. Johnstone says, “ water- 
worn and angular fragments of granite, altered slates, porphyries, 
quartzites, and greenstones (rocks unknown in the vicinity) are 
most abundant. Some of the blocks are huge” (XIX, p. 121). 
Similar exposures are found in Maria Island (Darlington), where 
the glacial beds are overlain by a rich marine fauna, especially 
characterized by Eurydesma cordata and Pachydomus, typical 
Permo-Carboniferous forms of the mainland. Other localities are 
at the mouth of the Huon River, opposite Port Cygnet; and on 
the northwest coast, in the neighborhood of Strahan and north- 
ward, where the glacial outcrops have been noted by Dunn, Kitson, 


Officer, and Gregory. 
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In the majority of cases the glacial deposits of Tasmania (of 
this age) appear to have been laid down under the agency of land- 
ice, but in a few localities, as in the fossiliferous mudstones of the 
Derwent, near Hobart, sporadic bowlders occur mixed with a 


marine fauna in a way that is suggestive of floating ice. 


NEW SOUTH WALES 

The Permo-Carboniferous rocks of New South Wales occupy 
an area of about 26,000 square miles and are by far the most 
important development of rocks of this age in Australasia. They 
owe their existence to a great monoclinal fold which, on the western 
side, formed the Blue Mountains; and on the eastern, the great 
geosyncline that supplied the conditions for the building up of a 
vast coal field. This basin, including the Triassic beds which con- 
stitute the upper portion of the basin, is about 17,000 feet in thick- 
ness. 

The Permo-Carboniferous series consist of the following main 


divisions: 


1. Upper, or Newcastle Coal Measures (fresh-water beds with 


productive coal), about 1,500 feet thick 
Dempsey Series (fresh-water without productive coal), 
about 2,000 
3. Middle or Tomago Coal Measures (productive), about 1,000 
4. Upper Marine Series (includes the Branxton glacial beds), 
about .6,400 
5. Lower, or Greta Coal Measure, about . 200 


6. Lower Marine Series (including several horizons of glacial 
beds), about 4,800 


The flora of the fresh-water beds is especially characterized by 
Glossopteris, Noeggerathiopsis, Gangamopleris, Sphenopteris, etc., 
while the marine beds yield an abundant fauna of a distinctly 
Carboniferous facies, with such genera as Lithostrotion, Cyatho- 
phyllum, Zaphrentis, Favosites, Productus, Chonetes, Orthis, Spiri- 


fer, etc. 


Glacial erratics are met with at various horizons both in the 
Lower Marine series and the Upper Marine series, and have been 
found in many localities. The two main horizons for glacial 
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evidences are the Branxton" beds, in the Upper Marine, and the 
Lochinvar beds, which form the base of the Permo-Carboniferous 


rocks. 

The first definite discovery of glaciated stones, in New South 
Wales, was made by Mr. R. D. Oldham, the superintendent of 
the Geological Survey of India, who when visiting Branxton, in 
1885, was much struck with the resemblance which the beds in 
this locality bore to the Talchir glacial beds of India, belonging to 
a similar geological age, and was confirmed in this opinion by the 
discovery of a distinctly glaciated erratic which he subsequently 
described.2. The Branxton beds are chiefly sandstones, very rich 
in Fenestellidae. Erratics occur in these beds up to 4 feet and 5 
feet in length, and frequently indent the floor on which they were 
dropped (XXVI, p. 198, pl. XXIV). 

The important exposure of glacial beds, near the township of 
Lochinvar (on the railway 102 miles north of Sydney), was dis- 
covered by Professor David and others while carrying out geological 
survey work in 1899. These beds are about 300 feet in thickness, 
and rest unconformably on rocks of Carboniferous age. They 
have a very close resemblance to the Bacchus Marsh till beds and 
contain numerous glaciated stones. David says, 

The included bowlders in the glacial beds vary in size from a few inches 
up to about two feet. The bowlders consist of quartzite, sandstone, argillite, 
granite, diorite, greenish felsitic (?) rocks, serpentine, etc. Perhaps from 
five to ten per cent, more or less, were originally glaciated, but owing to redis- 
tribution and attrition in probably shallow sea water it is exceptional to find 
bowlders which have retained well-defined grooves or striae. The bowlders 
vary from angular to rounded, and, unlike those at Branxton and Grasstree, 
these exhibit distinct grooves as well as striae, in this respect resembling those 
of Bacchus Marsh. 


Two glaciated stones are figured by David, the one from Branx- 
ton and the other from Lochinvar (XXV, p. 154, pl. IV). The 
section (300 feet) is entirely devoid of fossil remains, but at the 
extreme top of the beds, Spirifer and Eurydesma make their 
appearance. David estimates the horizon of the Lochinvar beds 


* Branxton is on the main north line from Sydney, in the Maitland district, and 
Lochinvar is situated on the railway, about 8 miles nearer Sydney. 


2 Rec. Geol. Survey of India, XIX, p. 44. 
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to be, approximately, between 5,000 and 6,000 feet below that of 
the Branxton erratic horizon. There are, however, several other 
horizons, intermediate to those mentioned, in which glaciated 
stones occur. 

QUEENSLAND 

The equivalents of the New South Wales Permo-Carboniferous 
Coal Measures occur in Queensland as the Middle and Upper 
Bowen River series, extending from 203° S. to 26° S. (The Lower 
Bowen beds consist mainly of igneous rocks and are referred to 
the Carboniferous.) The beds are characterized by marine sand- 
stones and shales, interbedded with fresh-water deposits and a 
few seams of rather poor coal, believed to be representative of the 
Greta Coal Measures horizon of New South Wales. Near the 
base of the series there are conglomerates, isolated pockets of 
stones, and according to Jack and Etheridge (XXVII, p. 151), 
“large isolated bowlders of granite, etc., which could hardly have 
been brought to their present positions except by glacial action, 
as they occur here and there in the midst of strata of fine sandy 
or muddy material.”’ 

These Queensland occurrences have not been very extensively 
examined, and the glacial evidence is not very definite, but the 
presence of stones, sporadically present in fine sediments, on the 
same horizon in which clear evidence of glacial action is present 
in other parts of Australia, offer strong presumptive evidence of a 


similar origin in the case of the Queensland beds. 


WESTERN AUSTRALIA 

The main development of Permo-Carboniferous rocks in Western 
Australia occurs to the north of Perth, in an area of variable width 
running parallel with the coast for about 450 miles. The more 
interesting localities are found on the Irwin River, Gascoyne River, 
and the Minilya River. The beds carry a marine fauna that is 
distinctly Carboniferous in type. 

In the year rgoo, Mr. A. G. Maitland, government geologist, 
reported the “discovery, associated with the Carboniferous rocks 
of the Wooramel and the Minilya rivers, of an extensive deposit 
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of glacial origin’’ (XXVIII, p. 28), and figured four glaciated 
bowlders (plate IV) from these localities. The deposit was proved 
to exist for a distance *‘considerably over sixty miles.’”’ 

In Bulletin No. 10, Geological Survey of Western Australia, 
plate VI, Mr. Maitland maps the approximate line of outcrop of 
the “glacial conglomerate” between the Wooramel and Minilya 
rivers. 

Mr. Maitland, in a presidential address (XXIX, p. 146), gave 
further particulars and says, 

At the most southerly locality at which the bowlder bed has been detected 
in Wooramel Valley, the bowlders are of very large size, and are composed of 
rocks identical in character with those forming the older underlying rocks to 
the east, e.g., granite and other crystalline and metamorphic rocks. Some 
distance northward, on the Wyndham River, is a bowlder bed in the limestone 


series. The bed, which at this spot attains no greater thickness than 3 ft., 


is crowded with bowlders and pebbles of granite and crystalline rocks embedded 
in a calcareous fossiliferous matrix ... . the pebbles and bowlders have a 
large proportion of smooth and polished faces. 

The same beds are further described by Maitland in their 
northern extension to the Minilya River. 

Assistant Government Geologist, W. D. Campbell, in a detailed 
examination of the Irwin River Coalfield (situated 300 miles to the 
south of the Gascoyne, where Maitland’s observations were made), 
paid special attention to the glacial beds of the section and has 
supplied interesting photographs of the features (XXX). He 
refers the glacial beds to the middle of the Permo-Carboniferous 
series, or about the horizon of the Greta Coal Measures of New 
South Wales. The erratics comprise granite, gneiss, amygdaloids, 
quartzites, sandstones, chalcedonized sandstones, and limestones, 
mostly rounded and many with smoothed surfaces and some with 
well-defined grooves and cross-scratchings, such as only glacial 
action can produce. These form in places extensive bowlder beds 
or outcrops which occur at distances of from 5 to 10 miles from the 
main granite margin. ‘These erratic blocks are mostly identifiable 
with rocks forming the tableland eastward of the main granite 
range. The largest outcrop of the bowlder beds is on the west 
side of the Irwin River, at Nangatty, and is about 4 miles long 


and 2 miles wide (XXX, p. 39, pls. XIV—-XVIII). 
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GENERAL REMARKS ON THE PERMO-CARBONIFEROUS GLACIATION 

It is quite clear that the glaciation within the geographical limits 
of the present continental mass during Permo-Carboniferous times 
was both terrestrial and marine, probably more of the former than 
the latter, but it is not always possible to say to which of these 
conditions the effects have to be referred. 

Wherever striated pavements occur, the direction of the ice 
movement is seen to have been from south to north. The striated 
pavements in the till, at Wynyard, Tasmania, described by Profes- 
sor David (XXIII, p. 277), shows the direction of flow as N. 30° to 
35° E. In the Bacchus Marsh district, Victoria (at Coimadai), 
described by Officer, Balfour, and Hogg (XVII, p. 326), the direc- 
tion of the striae is from southwest to northeast; and in the same 
district, more to the south and west, Sweet and Brittlebank supply 
similar readings (XVI, p. 378). In the bed of the Inman, South 
Australia, David and Howchin found the glacial striae to vary 
from W. 93° N. to W. 12° N. (VI, p. 117). On a pavement 100 
yards in length, on higher ground to the east of the last named, 
the present writer found the striations to read W. 10° N.; and on 
another polished floor in the neighborhood, at the base of Strang- 
ways Hill, the same reading was obtained. On the other side 
north) of Strangways Hill, at the head of the Duck’s Nest Creek, 
the direction was found to be northwest. At Hallett’s Cove, in 
Gulf St. Vincent, 40 miles north of the Inman Valley, Tate, How- 
chin, and David found the general trend of the grooves to be nearly 
north and south (V, p. 316). 

This remarkable agreement in the direction of the striae over 
so great an extent of country is suggestive of the magnitude of the 
ice movements, and also that the center of distribution must have 
been to the south of the present limits of the continent. The 
northwesterly trend of the ice in the Inman Valley district can be 
explained, inasmuch as this sheet was a tributary to the main 
glacier which flowed up what, at present, forms the drowned 
valley of Gulf St. Vincent. 

To the action of land ice may be confidently referred the 
morainic deposits of Wynyard, in northern Tasmania; the deposits 
and glaciated surfaces on either side of the Dividing Range, in 
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Victoria; the ground moraines and extensive roche moutonnée fea- 


tures of Cape Jervis peninsula and at Hallett’s Cove, in South 
Australia; the. Lochinvar bowlder beds, at the base of the Permo- 
Carboniferous series, in New South Wales; and probably, the 
tillites of the Irwin River district, in Western Australia. The 
last two localities are, respectively, in about 323° and 29° south 
latitude. In the more northerly localities, as Minilya, in Western 
Australia, situated on the Tropic of Capricorn, and the Bowen 
River beds, of Queensland, which are situated a few degrees within 
the tropics, the evidence is uncertain, and the deposits may have 
been laid down by floating ice. The same thing is also likely to 
have occurred on the south coast of Tasmania, and in some locali- 
ties of New South Wales. Such marine glacial deposits may have 
been synchronous with a partial submergence of the continent, 
following the maximum glaciation, as was the case in the Pleistocene 
glaciation of the Northern Hemisphere.’ 


PLEISTOCENE GLACIATION 
The glaciation that occurred in Australia during Pleistocene 
times was limited to the southeast highlands of the present con- 
tinent and the greatest altitudes in Tasmania. 


NEW SOUTH WALES 
Mount Kosciusko (7,328 feet), on the borders of New South 
Wales and Victoria, is the culminating point of an extensive upland 
plateau, forming the angle or knot, where the meridional moun- 
tains of the eastern coast unite with the occidental mountains of 
the southern coast. At the present time there is no permanent 
snow field in either Australia or Tasmania, although in sheltered 


'Dr. O. Feistmantel, in discussing the question of the correlation of the Permo- 
Carboniferous flora and glaciation as respectively developed in Australia, India, and 
South Africa, says: “But I do not think it was contemporaneous over that whole 
region, and it appears to me that it (the glaciation) set in first in Eastern Australia, 
(New South Wales,) destroying the Carboniferous flora at an early date, while in 
southern Africa we find still a Carboniferous or Coal measure flora of a higher stage, 
and only thereafter the change of climate appears to have taken place there.” 
“Geological and Paleontological Relations of the Coal and Plant-Bearing Beds of 
Paleozoic and Mesozoic Age in Eastern Australia and Tasmania,”’ Mem. Geol. Survey 
of N.S.W. Pal. No. 3, 1890, p. 181 
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nooks snow lies on these uplands most of the year, and snow storms 
may occur in the height of summer. At sea level, in the same 
latitude as Kosciusko, the mean annual temperature is about 
so F., while the present mean temperature of the summit of 
Kosciusko is about 35° F. 

The first definite and unquestionable determination of glacial 
features on Kosciusko was made by Dr. R. von Lendenfeld, in 1884 
(XXXII). Lendenfeld’s observations were limited to the occur- 
rences of roches moutonnées and glacier-polished rocks, which he 
found in the Wilkinson Valley, situated between Mount Kosciusko 
and Mount Townsend, at the sources of the River Murray, in the 
upper valley of the Snowy River, and also in that of the Cracken- 
back River. The polished faces were found on prominent surfaces 
(one of them was 3 acres in extent), and was estimated to extend, 
in all, over 100 square miles of country. Lendenfeld believed that 
the lowest altitude of glaciation was 5,800 feet above sea level. 
On account of Lendenfeld’s observations not being supported with 
collateral evidences, some skepticism was expressed as to the 
existence of true glacial features in the area described by him." 

Mr. R. Helms, in a visit to Kosciusko in 1893, supplemented 
Lendenfeld’s observations in several important particulars. He 
noted the glacial topography of the country, with respect to the 
occurrences of flat bottom valleys; glacial moraines, (one of which 
was over a square mile in extent); glacially excavated lakes, as in 
the case of Lake Merewether (or Blue Lake); and transverse 
moraines, causing moraine lakes. He placed the lower limits of 
glacial action at about 5,200 feet above sea level (X XXIII). 

More detailed work on the field was done by Professor David, 
(in conjunction with other scientific experts), who visited Mount 
Kosciusko on four separate occasions (1901-8), with the result 
that the question of glaciation of the Australian Alps, within com- 
paratively recent times, has been placed beyond dispute (XXXIV-— 
XXXV). 

One important point which these later observers claim to have 
established is that there have been two periods of glaciation on 

tSee a discussion on the subject in Geological Society of London, Quar. Jour. 
Geol. Soc., XLI (1885), Proc. p. 103. 
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the Kosciusko highlands. The earlier one was the more extensive 
and produced ‘U-shaped valleys, hanging valleys, filled-up lake 
basins, and smoothed rock surfaces”; while the later period has 
left its evidences in ‘‘roches . . . . moutonnées and grooved and 
striated rock surfaces, erratics and perched blocks, terminal and 
lateral moraines. ’”’ 

The ice-fields were much more extensive on the eastern side 
of the main divide than on the western. 

During the maximum glaciation the ice-sheet extended to at least 12 miles 
N.E. from Mount Kosciusko, and moved in a general S.E. to E.S.E. direction 
from the main dividing range between the Snowy and Murray rivers, toward 
the valley of the Thredbo. By far the greater portion of the ice-sheet, or 
calotte, lay to the S.E. of the main divide, and spread to a distance of probably 
at least, 7 miles at right angles to the former (XXXV, p. 665). 


The longest glacier occupied the Snowy River Valley and came 
down to 4,500 feet above the present sea level, while “the total 
area covered by the ice-calotte of Kosciusko during the maximum 
glaciation was probably about from 80 to 100 square miles”’ 
(XXXV, p. 665). During this period the ice-sheet, in places, had 
a thickness of not less than 1,000 feet, “as it was able to cross the 
Snowy Valley and override Charlotte Pass Valley, the whole of 
Spencer’s Creek Valley, and plunged over the southeastern edge 
of the plateau into the Thredbo Valley.” 

Smaller glaciers occupied the western side of the divide, 
especially in the Wilkinson Valley, where terminal moraines gave 
rise to Lake Albina; other moraines, more to the southwest, led 
to the formation of Lake May (L. Cootapatamba) and others. 
The glaciers on this side came down about 1,000 feet from the 
summit, or about 6,300 feet above sea level. The reason for this 
difference in the respective sizes of the ice-fields on either side of 
the divide is explained by Professor David on the ground that 
the strong anti-trades (W.N.W.) carried much snow over the crest 
on to the lee side, where the slope of the ground was more gradual 
than on the western, and thereby permitted thicker accumulation 
of névé. 


Some of the more interesting features of the newer glaciation 


are to be found in connection with the Blue Lake (Lake Mere- 
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wether), the largest of the numerous glacially formed sheets of 
water which occur within the limits of the old ice-field. The 
Blue Lake, in the first instance, was formed as a rock basin during 
the earlier glaciation, but took its present form in the later stages. 
Its waters are dammed back on the outlet side by a huge transverse 
moraine, which is about 20 chains wide and rises to a height of 
160 feet above the level of the lake. To test the depth of the 
lake, Professor David, in January, 1906, constructed a coracle on 
the spot, built of gum sticks, American cloth, and wire netting, and 
with this extemporized boat took soundings, which proved the 
lake to be 75 feet in greatest depth. In the following month, 
Professor David returned, accompanied by Mr. Chas. Hedley, of 
the Australian Museum, Sydney, and by means of the same frail 
coracle, obtained dredgings from the bottom, that yielded three 
species of fresh-water annelids. 

The skepticism as to the glacial origin of the smoothed surfaces 
on Kosciusko, which arose in the minds of some of the earlier 
observers, was based on the fact that much of the local rock sur- 
face gave no evidences of denudation, except what was capable 
of explanation by reference to ordinary subaerial agents. It is 
suggested by Professor David, as an explanation of this anomaly, 
that the present roches moutonnées have been protected through 
most of the year and for long ages by coverings of snow; while 
the exposed portions have been weathered into granite peaks 
and tors. The illustrations which accompany David, Helms, and 
Pittman’s papers (XXXIV) place the question of a Pleistocene 
glaciation on the highest points of the Australian continent beyond 
all doubt. 

In the determination of the approximate age of the glaciation, 
Professor David and others have fallen back on the data afforded 
by stream erosion since the retreat of the ice. At one place, in 
the Snowy River Valley, there is an old filled-up glacial lake 
(L. Andrews) with a rocky bar on its outlet side. In the U-shaped 
Snowy River Valley, the stream, since the disappearance of the 
glacier, has cut down a V-shaped gorge through a bar of hard 
granite to a depth of 60 feet. David thinks that this work of 
erosion stands for an equivalent of from 50,000 years to 100,000 
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vears (XXXV, pp. 663-64), and that the period of maximum 
glaciation might be roughly estimated as occurring from 100,000 
years to 200,000 years ago; but that the newer glaciation is sepa- 
rated from the present day by only some 10,000 years or 20,000 


years. 
TASMANIA 

Physiographically Tasmania belongs to the eastern highlands 
of the Australian continent, from which it became separated by 
the Senkungsfeld of Bass Strait. The island consists of a great 
central plateau having an elevation of from 2,000 feet to 5,000 
feet above sea level. Surrounding this central plateau is a still 
more extensive tableland, with an elevation from 1,200 feet to 
2,000 feet, from which rise important mountain ranges and isolated 
peaks that reach elevations up to nearly 5,000 feet. As, within 
comparatively recent times, the Australian Alps of the mainland 
carried permanent ice-fields at levels below those of the higher 
mountains of Tasmania, it was reasonable to expect that the latter, 
situated some 5° or 6° farther south, would at the same period be 
ice-clad. 

The testimony of early observers with respect to a Pleistocene 
glaciation in Tasmania was somewhat conflicting, and some con- 
fusion arose from the presence of an older glaciation, of Permo- 
Carboniferous age, occurring in close proximity to the newer 
glaciation. 

The first definite evidences of a comparatively recent glaciation 
of Tasmania were obtained by E. J. Dunn and T. B. Moore who 
visited the West Coast Range, in company, in 1892, and published 
separate accounts of their observations in 1894 (XXXVII and 
XXXVIII). The West Coast Range runs north from the inlet 
of Macquarie Harbor, parallel with the coast, from which it is 
distant about 15 miles. The range is drained by the King River 
on its eastern flanks, and by the Queen River on its western. 
These mountains are capped, for the most part, with a very sili- 
ceous conglomerate of supposed Devonian age, which, from the 
nature of the rock, has preserved to the fullest extent such evidences 
of glaciation as occur in the polishing, grooving, and striation 
of rock surfaces. The valleys and lower slopes of the range 
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composed of schists—in which many rock basins have been exca- 
vated varying in size from small tarns up to lakes several miles 
in extent. 
Dunn and Moore found roches moutonnées and striated surfaces 
on the flanks and almost to the very summits of Mounts Tyndall 
3,875 feet), Sedgwick (4,000 feet), Geikie (3,950 feet), and others. 
Lakes Dora, Margaret, Ruby, and Rolleston lie in the valleys 
surrounding these heights, in the line of the extinct glaciers, and 
owe their existence either to excavated rock basins, or to banks of 
moraine. Lake Rolleston is impounded by a terminal moraine 
which crosses the valley in a high bank, 150 feet above the present 
valley on its eastern end, and 250 feet at its western. Scattered, 
perched, and lineal erratics occupy positions on the hillsides up to 
300 feet above the level of the valley. The moraines are loosely 
and irregularly piled up, carrying stones of all sizes up to roo tons 
in weight, many of which have been found glaciated and striated. 
The direction of the striae on rock faces vary at different points. 
A main glacier was fed from the north and northwest of Lake 
Rolleston, and the ice found its way down the principal outlet by 
the King River Valley. Another line of ice-flow, mentioned by 
Moore, was down the eastern slopes of Mount Owen, by the 
Linda Valley, and these joined on the main glacier of the King 
Valley. The moraines and other indications of ice movements 
were traced down to levels only 400 feet above sea level. Moore 
estimates that the ice had a thickness up to at least 1,000 feet. 
The accuracy of Dunn’s and Moore’s observations in this field 
were fully confirmed by Professor J. W. Gregory, who, in the 
year 1900, went over the ground and still further increased our 
knowledge of the subject by valuable and independent observa- 
tions. Gregory’s original observations were mainly confined to 
the district around Mount Owen (3,800 feet) and Mount Lyell 
(2,744 feet). This observer says that Mount Owen, on its northern 
face, is “strikingly glaciated,’’ and describes extensive moraines 
in the valley of the Linda as well as that of the King. The Gor- 
maston moraine, on the eastern side of Mount Lyell Mine (in the 
upper Linda), takes its name from the township which it carried 
on its surface. It is a mile long by half a mile wide, and attains 
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a height above the Linda Creek of 320 feet. It is a typical glacial 
till. The included bowlders consist mainly of quartzites derived 
from the conglomerates that form the summits of Mount Owen 
and Mount Lyell. Some of the erratics in the till have come from 
a greater distance, as, for example, diabases, which belong to the 
mountain ranges and central plateau farther to the east. 

The West Coast Railway passes through much of the glacial 
country, in its lower altitudes, and has numerous cuttings inter- 
secting moraines. This is especially seen in that part of the line 
situated between Farrell and Zeehan. Some of the erratics at 
Farrel are of great size. One of Devonian Conglomerate, brought 
down by the ice from near the crest of the Ranges, measures 25 
feet in greatest diameter. Gregory obtained from the till several 
distinctly glaciated bowlders. 

As in the case of the Kosciusko glaciation of. the mainland, the 
age of this recent glaciation of Tasmania is largely a matter of 
inference based on the physiographical changes that have tran- 
spired in the interval. In its main outlines Tasmania was, at 
that period, very much the same as it is today. From the direction 
of ice-flow, as well as the nature of the transported material, it is 
certain that the principal gathering fields were on the Central 
Plateau, the Eldon Range, and other heights to the east of the 
country examined and described. The freshness of the glaciated 
surfaces and the position, as well as the condition, of the valley 
moraines all point to a relatively recent glaciation, certainly not 
older than the Pleistocene. 

Tasmania, in common with most of Southern Australia, has 
undergone considerable oscillations of level within recent periods. 
The drowned valleys of the Tamar, the Derwent, and Macquarie 
Harbor, as well as Bass Strait, are proofs of subsidence. On the 
other hand there are evidences of recent uplift. Moore’s estimate 
that the ice in the King River Valley came down to within about 
400 feet of sea level agrees with that of Gregory’s in relation to 
the Pieman Valley. Gregory says: 

The. bowlder clays of the Pieman Valley give the lowest level (400 feet 
above the sea) yet proved for the Tasmanian Pleistocene glaciers. It must 


be remembered, however, that there is certain evidence of a recent uplift of 
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this part of Tasmania to the height of several hundred feet, so that some of 


j the glaciers may have actually reached sea level (XXXIX, p. 52). 


More extended observations will probably show that in both 








(I) IQol. 
II) 1906. 
(II1) 1908. 
IV) 1887. 
(V) 1895. 
(VI) 1505. 
(VII) 1808. 


\ustralia and Tasmania this latest of Australian glaciations was 
much more extensive than at present known. 

In considering the climatic and physiographical conditions of 
Australasia in the Pleistocene period, it is important to take into 
account the greater development of glaciers in New Zealand at 
about that time (XL, XLI). 
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THE VALUE OF CERTAIN CRITERIA FOR THE DETER- 
MINATION OF THE ORIGIN OF FOLIATED 
CRYSTALLINE ROCKS. I 
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University of Wisconsin 
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origin of foliated rocks 
Scope of paper 
TEXTURE AS A CRITERION FOR PRIMARY GNEISSES' 
Outline of discussion 
The distinction between igneous and metamorphic textures 
The significance of the elongated habit assumed by minerals when growing 
under certain conditions 
Elongation of minerals under viscous conditions 
Elongation of minerals on account of differential pressure 
Conclusions regarding the causes of mineral elongation 
Inferences from mineral elongation with regard to the texture of 
primary gneisses 
Conclusions regarding the texture of primary gneisses from the mode oi 
their intrusion 
Uses OF ZIRCON AS A CRITERION FOR THE DETERMINATION OF THE ORIGIN 
OF FoLIATED ROcKS 
Introduction 
Identification of zircon 
The manner of its formation and its capacity for resisting alteration 
The significance of the presence or absence of zircon in a rock 
The significance of the character of the zircon grains 
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GENERAL SUMMARY 


* By “primary gneiss” the writer understands a banded crystalline rock of igneous 
origin whose banding was produced prior to the complete solidification of the rock. 


228 




















THE ORIGIN OF FOLIATED CRYSTALLINE ROCKS 229 


PART I 
INTRODUCTION 
REVIEW OF CRITERIA PROPOSED FOR THE DETERMINATION OF THE 
ORIGIN OF FOLIATED CRYSTALLINE ROCKS 

Criteria constitute one of the most important divisions of a 
geologist’s working “‘equipment.”” While they are needed and 
are being developed along the whole line of attack on the problems 
of geology, probably no section of investigators appreciates their 
value more than that engaged in unraveling the history of foliated 
crystalline rocks. This seems to be because that subject is par- 
ticularly many-sided and difficult, for it cannot be said that sug- 
gestions as to methods of approach are at all lacking in number. 
To indicate the range of these proposals, and to give an idea of the 
state in which the problem stands today, the better known criteria 
for the determination of the origin of foliated rocks have been 
collected in the lists which follow. It must be acknowledged, 
however, that in many cases the results of their application are 
more suggestive than conclusive. 

Criteria for the determination of original igneous or sedimentary 
character.—The following have been suggested as criteria for dis- 
tinguishing foliated rocks which were originally sedimentary from 
those developed from igneous rocks: 

Field evidence: For igneous origin—gradation into recognizable 
igneous rocks; preservation of original structures, such as bound- 
aries of a dike; preservation of original textures, such as por- 
phyritic; uniformity over large areas. For sedimentary origin— 
gradation into normal sedimentary rocks; preservation of original 
structures, such as pebbles of a conglomerate or cross-bedding; 
regular and continuous banding;' intercalation with beds of lime- 
stone or quartzite;? rusty weathering.’ 

Microscopic evidence: For igneous origin—preservation of 
igneous textures in the less altered portions; presence of minerals 
characteristically formed only from igneous melts and readily 

t J. F. Kemp, “Pre-Cambrian Sediments in the Adirondacks,” Proc. Am. Assoc. 
Adv. Sci., XLIX (1900), 167. 

2 [bid., 174. 3 Ibid., 168. 
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decomposed during sedimentation, such as nepheline," leucite, 
etc.; presence of unaltered minerals characteristically formed 
only from igneous melts and which become modified or segregated 
during sedimentation, such as zircon and monazite; presence of 
secondary minerals generally considered to be more characteristic 
of altered igneous than altered sedimentary rocks, such as epidote, 
zoicite, chlorite, and hornblende.2. For sedimentary origin—pres- 
ervation of original fragmental texture; presence of secondary 
minerals supposedly more characteristic of altered sedimentary 
than altered igneous rocks, e.g., a group high in Al,O, and low in 
bases, such as staurolite, andalusite, sillimanite, and cyanite, but 
also other minerals as biotite, garnet, and graphite. 

Chemical evidence: For sedimentary origin—variation from 
normal igneous rock types as shown by comparison with classi- 
fied tables of igneous rocks arranged according to chemical composi- 
tion; molecular ratio of Al,O, to Na,O, K,O and CaO greater than 
1; excess of K,O over Na,O by weight; excess of MgO over CaO 
by weight;* high Al,O, content; high SiO, content. 

Criteria for distinguishing primary gneisses from metamorphic 
rocks with a banded structure.—Many criteria have been suggested 
for the recognition of igneous rocks whose foliation was produced 
during the consolidation of the rock. The importance of this 
rock class has not been conceded by all geologists, though gneisses 
have been confidently described as such by Lawson,’ Geikie and 
Teall,° Bonney,’ Barlow,’ McMahon,’ Weinschenk,” Adams and 
Barlow," and many others. Examples of primary gneisses have 

« W. H. Emmons, “A Genetic Classification of Minerals,” Econ. Geol., III (1908), 
620. 

?C. R. Vam Hise, “Treatise on Metamorphism,” U.S.G.S., Mono. XLVII 
(1904), 916. 

$F. Bascom, Geol. Soc. Amer. Bull., XVI (1905), 204-95. 

+E. S. Bastin, Jour. Geol., XVII (1900), 445. 

5A. C. Lawson, Ann. Rep. Geol. Surv. Can., N.S. II, (1887), 139 f. 

6 A. Geikie and J. J. H. Teall, Quar. Jour. Geol. Soc., L (1894), 645. 

r. G. Bonney, Q./. Geol. Soc., LIT (1896), 17 
$A. E. Barlow, Ann. Rep. Geol. Surv. Can., N.S., X, Part 1 (1897), 48-87. 
»C. A. McMahon, Geol. Mag., N.S., Decade 4, IV (1807), 345 
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E. Weinschenk, Congrés géol. inter., comple rendu, session VIII, I (1900), 326-40. 


F. D. Adams and A. E. Barlow, Geol. Surv. Can., Mem. 6 (1910), 83. 














pike. 








THE ORIGIN OF FOLIATED CRYSTALLINE ROCKS 


most recently been described by Loughlin in Connecticut and 
Rogers? in the state of New York. The following have been sug- 
gested as criteria for distinguishing these gneisses from those 
formed by the alteration of solid igneous rocks: 

Field evidence: Banding in apophyses from the gneiss parallel 
to the walls and at an angle to the schistosity of the inclosing 
rock,3 dikes of pegmatite belonging to the same magmatic series 
as the gneiss and either parallel to the gneissic structure and 
foliated with it or cutting the gneissic structure and undisturbed; 
lack of sharp contact between the acidic and more basic portions of 
the gneiss, indicating high temperature during the solidifications of 
the different bands;* presence of inclusions of foreign rock, which 
are but slightly deformed, in a matrix of well-banded gneiss;s 
presence of distinct bands of widely different composition, none 
of which may show evidence of shearing; flowlike curves of the 
banding, some of which may close in a circle. 

Mineralogical evidence: Presence of minerals formed char- 
acteristically only from igneous melts and arranged in a manner 
impossible of formation from solid rocks by metamorphism, e.g., 
nepheline and olivine; textures due to crystallization from an 
igneous melt. Weinschenk® considers that epidote, garnet clino- 
zoicite, sillimanite, and chlorite crystallize from the magma in the 
case of primary gneisses on account of the pressure present during 
the solidification of the rock, but the exact state of the rock during 
their formation is not definitely known. 


SCOPE OF PAPER 
In the following thesis only three of the many criteria which 
have been proposed have been considered. They are (1) the 
criterion of texture as applied to primary gneisses, (2) uses of 
zircon as a criterion, (3) use of chemical composition in the deter- 


tG. F. Loughlin, Am. Jour. Sci., 4th Ser., XXTX (1910), 447-56. 
2G. S. Rogers, Am. Jour. Sci., 4th Ser., XXXI (1911), 125-30. 

3 J. W. Gregory, Q.J. Geol. Soc., L (1894), 265. 

4 Geol. Surv. Can., Mem. 6 (1910), 83. 

5 Geol. Mag., N.S., Decade 4, IV (1897), 354- 


6 Congrés géol. inter., comple rendu, session VIII, I (1900), 340. 
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mination of sedimentary or igneous origin. It must be remem- 
bered, however, that one type of criterion can seldom be employed 
effectively alone, although the limitation of possibilities obtained 
by the application of several criteria may lead to evidence that is 
practically conclusive. 

The writer is deeply indebted to Dr. C. K. Leith and other mem- 
bers of the geological department of the University of Wisconsin 
for assistance and suggestions received during the preparation of 
this article. 


TEXTURE AS A CRITERION FOR THE IDENTIFICATION OF 
PRIMARY GNEISSES 
OUTLINE OF DISCUSSION 

In order that the reader may more easily understand the trend 
of the argument which the writer will advance regarding the value 
of texture as a criterion for the identification of primary gneisses, 
the discussion which follows is here summarized. 

Milch' in a recent article expresses the opinion that igneous 
rocks with an original foliation should not be included in the group 
of the ‘“‘crystalline schists.’ He regards texture as the most 
promising criterion so far brought forward for distinguishing these 
rock classes. It is the suggestion that texture may be used as a 
criterion for distinguishing primary gneisses from those of meta- 
morphic origin which the writer proposes to examine in the course 
of the present paper. Milch’s idea was that “crystalline schists”’ 
‘crystalloblastic” texture, 


‘ 


are characterized by metamorphic or 
while gneissic rocks which possess an original foliation have the 
texture of igneous rocks. In order to get a clearer conception of 
the differences between these two varieties of texture, the writer 
will review the main features of metamorphic texture according 
to Grubenmann,? whose recent work marks a decided advance in 
the study of that subject. The causes underlying the differences 
between these two types of texture are apparently to be found in 
variations in conditions of crystallization; in one case solidification 

tL. Milch, “‘ Die heutigen Ansichten itiber Wesen und Enstehung der kristallinen 
Schiefer,” Geol. Rundschau, I (1910), 40. 


?U. Grubenmann, Die kristallinen Schiefer, I (1904), II (1907). 
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from a fluid and in the other recrystallization of a solid under 
differential pressure. Grubenmann considers that the chief expres- 
sion of these different conditions of crystallization is to be found in 
the forms or outlines of the mineral constituents. 

Unusual development of cleavage faces with consequent pro- 
duction of columnar or platy mineral forms is, according to Gruben- 
mann, one of the most common characteristics of the minerals of 
“crystalline schists.”” Wishing to make use of this feature in a 
discussion of the texture of primary gneisses, the writer will review 
the causes of the unusual elongated habit assumed by minerals 
when growing under certain conditions. No mineral seems to 
exhibit better this capacity for abnormal form development than 
biotite which, happily also, is one of the most characteristic minerals 
of primary gneisses. The writer in the following discussion 
expresses the opinion that the biotite grains in normal igneous 
rocks are roughly equidimensional in shape, and that the platy 
forms present in metamorphic rocks and in primary gneisses are 
the result of crystallization under differential pressure. This 
would seem to suggest that the texture of primary gneisses must be 
intermediate between the igneous and the metamorphic types. 
Microscopic evidence seems to lead to the same conclusion. The 
writer, however, wishes to point out that from the very character 
of the intrusion of primary gneisses it is to be expected that granu- 
lation and recrystallization have frequently taken place after 
solidification and that, accordingly, a metamorphic texture cannot 
be regarded as proof that the banding in a gneiss was not produced 
when the rock mass was still partially fluid. It is the writer’s view, 
however, that with certain limitations, igneous texture, when 
present, may be legitimately urged as proof of primary banding. 


DISTINCTION BETWEEN IGNEOUS AND METAMORPHIC TEXTURES 


By the term “texture’’ the writer understands the character 
of a thin section or surface of a rock due to its degree of crystallinity 
and to the size, shape, and arrangement of its minerals. 

Crystalloblastic texture —The term “‘crystalloblastic’’* has been 
proposed as a designation for the texture of recrystallized rocks. 


t F, Becke, Tschermaks Min. petrog. Mitt., XXI (1902), 356-57. 
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Among the characteristics of this texture,’ according to Gruben- 
mann, are the following: 

1. Lens-like and roundish forms of the minerals, well-developed 
crystal outlines not generally being present. When crystal forms 
do occur they are generally simple. Foliation of minerals is 
frequently developed. 

2. The relative perfection of mineral form is dependent on the 
character of the minerals rather than upon their order of crystalliza- 
tion. The usual series of form development is as follows: titanite, 
rutile, hematite, ilmenite, garnet, tourmaline, staurolite, cyanite 
epidote, zoicite—pyroxene, hornblende—magnesite, dolomite, al- 
bite, mica, chlorite, tale—calcite—quartz, plagioclase—orthoclase, 
microcline. In general the series is one of decreasing specific 
gravity or increasing molecular volume. 

3. Marked development of crystal faces which are parallel to 
planes of mineral cleavage. 

4. Characteristic mineral inclusions. In igneous rocks the 
inclusions are usually well-developed crystals which have solidified 
early. In the ‘crystalline schists’’ the later formed minerals may 
have more perfect outlines than their inclusions. 

5. General absence of zones of different composition in minerals. 


~ 


». Holocrystalline character. 

7. Tendency toward uniformity in size of grain. 

Grubenmann’s conception of the causes which underlie the 
differences in character between the textures of igneous and meta- 
morphic rocks may be outlined as follows: He regards the forms of 
the minerals in igneous rocks as dependent largely on their order 
of crystallization, i.e., the earlier formed minerals have good crystal 
outlines while those of later development, having been compelled 
to occupy the remaining spaces, are irregular in form. In meta- 
morphic rocks, on the other hand, he considers that the crystalliza- 
tion of all the minerals has been more or less hindered by the solid 
condition of the rock and that those minerals possess the best 
developed forms which have the strongest crystallizing force. 
This “force,” Grubenmann regards as greatest in minerals which 

*Grubenmann uses the word “Strukur” in place of “texture.” ‘“‘Strukur,” 
as defined by him, relates to the form and size of the constituents. ‘“Textur”’ is used 


for their arrangement. 
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have the smallest molecular volume or the highest specific gravity. 
\s an explanation, also, for the unusual development of cleavage 
faces in certain minerals, he suggests that the molecular arrange- 
ment in such minerals is denser within the plane of mineral cleavage 
than across it. Though the suggestion of parallelism between 
perfection of crystal form and molecular density is interesting and 
probably significant, it must not be forgotten that the characteris- 
tics of crystalloblastic texture previously enumerated are based 
almost solely on observation. 

Recent opinions on the crystallization of igneous rocks.—Several 
writers have recently questioned the views commonly held regard- 
ing the order of crystallization of igneous rocks. It has been sug- 
gested,* for example, that in the important class of the diabases 
the crystallization of the different minerals has been approximately 
simultaneous. In such cases it might be supposed that the relative 
development of crystal form was not entirely dependent upon the 
order of crystallization and that possibly the resulting texture 
might be confused with the metamorphic type. Thus in graphic 
granite,? where the outlines of the quartz areas agree more or less 
with the cleavage directions of the feldspars, the relations ot the 
two minerals would seem to be dependent upon the individual 
properties of the minerals rather than upon their order of crystalliza- 
tion. Notwithstanding such cases of apparent simultaneous crys- 
tallization, it will probably be generally agreed that there is no reason 
yet known for thinking that order of crystallization is not the most 
important factor in determining the mineral outlines of normal 
igneous rocks. Grubenmann has pointed out, moreover, that 
there are important differences between the texture produced 
by simultaneous crystallization from an igneous melt and that 
resulting from recrystallization. 


THE SIGNIFICANCE OF THE ELONGATED HABIT ASSUMED BY 
MINERALS WHEN GROWING UNDER CERTAIN CONDITIONS 
The development of columnar or platy habit in minerals of a 
rock is a feature which is controlled by the individuality of the 
tC, N. Fenner, “The Crystallization of a Basaltic Magma from the Standpoint of 
Physical Chemistry,”’ Am. Jour. Sci., XXIX (1910), 220. 


2L. V. Pirsson, “‘ Rocks and Rock Minerals” 


1908), 212. 
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minerals and the conditions present during their formation rather 
than the relation of the minerals to their order of crystallization. 
According to the views previously outlined it should be, and 
actually is, a characteristic of metamorphic rocks rather than 
normal igneous varieties. As many minerals present in primary 
gneisses seem to possess an abnormal elongated habit, it is hoped 
that a discussion of this feature may throw some light on the 
texture and mode of origin of these rocks. 

Elongation of minerals under viscous conditions in an igneous 
melt.—Pirsson' has recently published an interesting article in 
which the effect of viscosity on mineral habit is discussed. His 
observations on sections of rocks which have solidified quickly 
show that the minerals of such rocks tend to assume tabular or 
needle-like forms. It was especially noted that the elongation is 
generally parallel to prominent cleavage faces. Pirsson attributes 
this to the fact that the cohesive attraction within the plane of 
cleavage is greater than that across it. He supposes that viscosity 
may become so great that the molecular attraction across the 
mineral cleavage is insufficient to orient additional material so 
that the mineral becomes elongated in the direction of its cleavage. 
The growth of the crystal end, he considers, may be aided by the 
mobility imparted to the surrounding liquid by the heat of crystal- 
lization. Miers? has explained somewhat similar cases of elongation 
of crystals by the supersaturation of the surrounding solution. 
He considers that the end of the crystal may be able to remain 
continually in strongly supersaturated solution and, accordingly, 
grows more rapidly in one direction. This seems to be a somewhat 
different explanation from that given by Pirsson. While opinions 
regarding the cause of mineral elongation may vary, the fact that 
minerals do assume elongated habits when growing under viscous 
conditions in a magma and that the elongation takes place very 
frequently parallel to prominent cleavage directions seems to be 
pretty well established. 

Elongation of minerals due to differential pressure.—That rocks 
which have recrystallized under great pressure are characterized 


'L. V. Pirsson, “On an Artificial Lava-Flow and its Spherulitic Crystallization,” 
im. Jour. Sci., XXX (1910), 97. 
H. A. Miers, Science Progress, II (1907), 128-20. 
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by a parallel arrangement of mineral constituents is, of course, a 
fact which is accepted by all writers. Perhaps, however, it is not 
so generally understood that the shapes of the so-called “platy 
minerals’’ of these rocks are generally different from those which 


the same minerals assume when growing under freer conditions. 
lo illustrate this difference in shape, the writer will discuss the 
dimensions of quartz, biotite, hornblende, and feldspar in igneous 
and metamorphic rocks. These minerals were selected because 
they vary in the character of their cleavage and all are, moreover, 
common rock-forming constituents. 

Quartz is the most common example of a group of minerals 
which possess no good cleavage. In metamorphic rocks it owes 
its form in the majority of cases either to granulation or recrystalli- 
zation. When the grains result from granulation they are generally 
irregular in shape and roughly equidimensional, but the writer’s 
observations seem to show that those grains which have crystallized" 
under differential pressure are frequently elongated parallel to the 
plane of rock cleavage. It appears, however, that the ratio of the 
dimension of the quartz grain in the direction of schistosity to that 
at right angles to it is seldom greater than two. Generally, also, 
as Leith? has pointed out, there is no relation between the elongation 
of quartz and its crystallographic directions. 

Biotite is a mineral which is characterized by a single well- 
marked cleavage. Chlorite and sericite, both important rock- 
forming minerals, are similar to biotite in respect to cleavage. In 
the following measurements of biotite grains the ratio of the length 
in the direction of mineral cleavage to that across it has been deter- 
mined. An average of 167 grains of biotite in 19 sections of igneous 
rocks showed a ratio of 1.5, but many soda-rich rocks gave average 
values of about 1.0, and in rocks with porphyritic texture the ratio 
rose sometimes to 2.0 or even 2.5. In the latter case the rocks 
have probably crystallized quickly and under somewhat viscous 
conditions. Similar measurements of biotites in sections of schists 
generally gave average values above 6, though when the develop- 
ment of schistosity had taken place near an igneous contact the 

t The criteria for recognizing recrystallized minerals has been discussed by Leith 
in U.S.G.S. Bull. 239 (1905), 70-71. 

2 U.S.G.S. Bull. 239, 35. 
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ratios were sometimes lower than this. An average of 46 observa- 
tions on biotites of the Wissahickon’ sedimentary gneiss gave a 
value of 7.2. In all schistose rocks so far mentioned the direction 
of mineral cleavage and elongation corresponded, in general, with 
the plane of rock cleavage. When biotites crystallize under mass- 
static conditions, i.e., in the absence of differential pressure, the 
form of the biotite grains, as shown in Fig. 4, seems to approach 
that characteristic of normal igneous rocks. In such cases there 
is commonly no relation between the direction of mineral elonga- 


tion and that of rock cleavage. These “porphyritic’’ biotites may 
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Fic. 1.—Biotites in nepheline syenite. X32 Fic. 2.—Biotites in primary gneiss. X 32 


frequently be recognized by the number of inclusions they contain, 
a feature which is not common in grains which have crystallized 
under differential pressure. From the foregoing observations it 
may be seen that a platy form is not always characteristic of 
biotite, as is sometimes supposed, but that this habit is determined 
by the conditions of its formation. Such observations as the 
writer has made indicate that the effect of differential pressure on 
the forms of sericite and chlorite is analogous to that in the case 
of biotite. 

Hornblende possesses a prismatic cleavage, the angle between the 
planes being about 124°. Leith? has shown that the hornblendes 


tU.S G.S. Folio 102, 1900. 


2U'.S.G.S. Bull. 230, 20. 
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in a schist are elongated parallel to the prism and that the elongation 
of the mineral corresponds generally with the direction of rock 
cleavage. In many cases the longer axes of the cross-sections of 
the hornblendes were observed to lie approximately in the plane 
of schistosity. According to Leith™ the ratio of the greatest to 
least diameters of hornblende, which in schistose rocks varies from 
100:20 to 100: 24, ranges in igneous rocks from 100:30 to 100:75 
with 100:40 as a common value. 

Feldspar possesses various cleavages but those parallel to the 
base and the side pinacoid are the most pronounced. These two 





Fic. 3.—Biotites in schist. X32 Fic. 4.—Porphyritic”’ biotites in 
schist. X32. 


cleavages are approximately at right angles to one another. Leith? 
has stated that in schistose rocks the parallelism of the feldspar 
particles is not close and that rarely the parallel arrangement is 
also crystallographic. The writer’s observations on similar rocks 
indicate that feldspar grains are occasionally elongated in the 
direction of rock cleavage but no relation was noticed between the 
elongation and the crystallographic directions of the grains. 
Conclusions regarding the causes of mineral elongation.—It has 
been noted that under certain conditions minerals tend to assume 
an abnormal elongated habit. High viscosity or strong super- 
1 Op. cit., 30-31. 
2 Op. cit., 40. 
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saturation and differential pressure appear to be the most important 
of these conditions. In either of these cases the resulting form of 
the mineral seems to depend to a marked degree upon the char- 
acter of its cleavage. The elongation of quartz, on the other 
hand, a mineral which possesses no good cleavage, is, under differ- 
ential pressure at least, not marked and is apparently independent 
of crystallographic directions. The only possible exception noted to 
these generalizations is feldspar. While feldspars crystallized from 
viscous melts are, apparently, elongated parallel to the two principal 
cleavages, in the grains formed under differential pressure there does 
not appear to be any relation between the direction of elongation and 
the position of mineral cleavage. This is possibly to be explained 
by the number of cleavage planes in that mineral or to the position 
of the two principal cleavages at right angles to each other. 
Pirsson' has explained the development of mineral elongation in 
viscous melts by differences in molecular attraction which are con- 
sidered to exist between directions within and across the cleavage. 
Since the same forces act during the normal crystallization of miner- 
als, this might lead one to think that the elongation of crystals due 
to the conditions of the solution or to differential pressure repre- 
sented only a more pronounced development of differences in 
dimensions existing in crystals of normal development. That 
this is not so, and that the elongation of minerals which have 
developed under favorable conditions may be independent of 
mineral cleavage is shown by the well-known prismatic crystals 
of quartz, found so frequently in cavities, notwithstanding the 
fact that quartz is a mineral which possesses no good cleavage. 
It seems a more general rule that uniaxial minerals, when freely 


_ developed, are elongated in the direction of the vertical axis, no 


matter what the direction of mineral cleavage. Apatite, beryl, 
and corundum, for example, appear to be all normally elongated at 
right angles to their best plane of cleavage. The same is true for 
the orthorhombic minerals topaz and danburite. Among rocks, 
pegmatites probably offer the most favorable conditions for the 
development of biotite crystals and here they are frequently, if not 


generally, elongated at right angles to their cleavage. 
t Am. Jour. Sci., XXX (1910), 110. 
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lo the writer, the conception of differences in molecular attrac- 
tion within and across the cleavage of a mineral seems to afford a 
plausible explanation why the elongation of minerals under unfavor- 
able conditions for growth takes place parallel to the plane of 


mineral cleavage. This idea, though, is of course purely specula- 
tive. There may be also reasons, not at present known, which 


would cause minerals, such as biotite, to be more stable under 
conditions of differential pressure when lying with their planes of 
cleavage parallel to the greatest pressure. It is almost useless to 
conjecture what causes the normal elongation of some minerals at 
right angles to their cleavage, though one might suggest molecular 
form or arrangement as possibilities. 

Inferences regarding the texture of primary gneisses from mineral 
elongation.—Descriptions of primary gneisses seem to show that 
a more or less parallel arrangement of platy mineral constituents 
is a constant characteristic of this rock type. This arrangement 
may be considered to have been caused by (1) rotation of minerals 
in a still fluid magma, by (2) development of abnormal elongated 
mineral forms during crystallization, by (3) parallel growth of 
minerals with normal form development, or by (4) granulation, 
slicing, or gliding. The first method would probably give rise to 
characteristic igneous textures. Microscopic studies of schists 
indicate that the last three processes would tend to the production 
of the metamorphic type of texture. 

The writer has endeavored to point out in preceding sections 
that the development of abnormal elongated mineral forms is an 
important feature in the production of schistosity in metamorphic 
rocks. The following review c’ the most abundant minerals of 
primary gneisses is intended to show that this process is also a 
leading one in the crystallization of primary gneisses and, accord- 
ingly, that the texture of such rocks must have some of the 
characteristics of the metamorphic type. 

Among the minerals most frequently mentioned as having been 
rotated in a magma is biotite." The following points seem to indi- 
cate, however, that in the case of this mineral rotation must be of 
secondary importance and that its orientation is largely due to the 


'E.g., Geol. Mag., N.S. (Decade 4), IV (1897), 348. 
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growth of unusually elongated grains parallel to the direction of 
least pressure. 

1. The measurements previously given indicate that biotites 
which have crystallized slowly from igneous melts are not platy 
in the majority of cases, and that before being interfered in crys- 
tallization by other minerals they were not far from cubical in 
form. The orientation of such grains in a fluid magma must then 
be almost impossible. 

2. The extremely irregular outlines of biotites in normal igneous 
rocks suggest that biotites do not generally crystallize much in 
advance of the quartz and the feldspar so that completely formed 
biotite grains cannot be considered to have been ever floating 
loosely in a fluid magma. 

3. Measurements made of biotite grains in a gneiss, which is 
considered by the writer from field evidences to possess original 
banding, gave values of from 2.5 to 5.0 for the ratio of the length 
in the direction of mineral cleavage to that across it. As similar 
tests on igneous rocks usually gave values from 1 to 1.7 it can be 
seen that the elongation of biotite is in this case decidedly greater 
than that characteristic of deep-seated igneous rocks which have 
solidified under quiet conditions. 

4. There seems no reason to think that the biotites of primary 
gneisses have crystallized under viscous or strongly supersaturated 
conditions since such rocks are generally of deep-seated origin and 
probably contained abundant water when in the fluid state. 

Elongated feldspar grains have been described as having been 
formed during original crystallization in the Twilight" gneissoid 
granite of Colorado. In this rock the feldspars in the more foliated 
portions occur as elongated anhedra, while in places where the 
rock is more massive they possess crystal outlines. In the former 
case the direction of elongation seems to be unrelated to the 
crystallographic directions of the mineral. 

The elongation of guartz has also been observed by the writer 
in thin sections of the biotite gneiss previously mentioned as 
exhibiting primary banding. 

One who grants that pressure can be sufficiently active during 


W. Cross, E. Howe, J. D. Irving, W. H. Emmons, U’.S.G.S. Folio 131 (1905), 7. 
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the crystallization of primary gneisses so as to cause the develop- 
ment of elongated forms in the minerals must also expect to find in 
the texture of these rocks many other features common to the 
metamorphic type. It must be supposed, for example, that along 
with marked development of cleavage faces would be a general 
tendency toward the series of form development characteristic 
of “crystalline schists’’ as outlined by Grubenmann. The writer’s 
observations seem to corroborate this. In short, the texture of 
primary gneisses appears to be intermediate between the igneous 
and the metamorphic types, being more like the latter according 
as the movements producing the banding continued late in the 


period of consolidation. 


CONCLUSIONS REGARDING THE TEXTURE OF PRIMARY GNEISSES 
FROM THE MODE OF THEIR INTRUSION 

Various types of rock bodies have been described as possessing 
an original banding and it is natural to suppose that the methods 
of their intrusion must differ considerably. The size of the bodies 
varies from dikes, such as are characterized by parallel feldspar 
phenocrysts, to masses of batholithic proportions. In the case 
of many of such dikes it can hardly be doubted that the foliation 
was produced by movements in the magma since the rocks cut by 
the dikes sometimes show no evidence of rock flowage. The origin 
of the banding of the gneiss in certain batholiths, attributed by 
Lawson and others to movements prior to the complete solidifica- 
tion of the rock seems, however, to be considered more uncertain 
by many geologists. The identification of this type is, however, 
more important than that of the smaller bodies and its origin will 
be considered more fully. 

The association of igneous activity and batholithic intrusion 
with periods of mountain building" is well recognized. Those who 
have described batholithic masses as possessing a primary banding 
are in general agreement that at the time of the intrusion crustal 
deformations were active and continued so during the solidification 
of the igneous mass. The intruded rocks have generally been 
considered to have undergone rock flowage, and, accordingly, no 


R. A. Daly, Am. Jour. Sci., 4th Ser., XXII (1906), 195-216. 
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matter what the depth, to have been under considerable pressure. 
Weinschenk has more than any other emphasized the importance 
of pressure during the intrusion of primary gneisses and suggests 
as proof the wide schistose zones about such bodies. As showing 
that these were formed during the intrusion, he states’ that the 
schistosity of the contact rocks is generally parallel to the border 
of the batholith and that tourmaline needles, which he considers 
were formed by pneumatolitic action, frequently lie across the 
the plane of foliation and, accordingly, were formed later than the 
schistosity. 

It seems not illogical to assume that the movements which were, 
apparently, present late in the period of consolidation should 
have sometimes continued after portions or the whole of the rock 
had completely solidified. If such were the case there would 
result considerable recrystallization and granulation so that typical 
crystalloblastic or cataclastic textures might be superimposed on 
that resulting from primary consolidation. It follows that the 
mere presence of a metamorphic texture is no proof that the band- 
ing of a gneiss is not of primary origin. When, however, such rocks 
are characterized by true igneous texture, as would be the case if 
the movements ceased early in the period of consolidation, there 
seems no reason why this feature should not be regarded as proof 
that the banding was of primary origin. The use of texture as a 
criterion for the identification of primary gneisses seems on the 
whole, then, to be of only limited application. 


THE USE OF ZIRCON AS A CRITERION FOR THE IDENTIFICA- 
TION OF THE ORIGIN OF FOLIATED ROCKS 
INTRODUCTION 

It was noted in the general introduction that the criteria which 
have been proposed for determining the igneous or sedimentary 
origin of metamorphic rocks can seldom be employed decisively. 
This is largely because the evidence used is generally indirect, and 
its application as proof of original character is frequently dependent 
upon inferences which have as yet not been shown to be correct. 


* Congrés géol. inter., comple rendu, session VIII, I (1900), 330, 337. 
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The criterion of chemical composition, for example, has been 
especially popular, probably because it permits of mathematical 
expression and is almost free from what is called “the personal 
equation.” Its use, however, is based on a supposition, it being 
assumed that a rock as a whole undergoes no significant chemical 
change during the development of foliation. 

The use of zircon, on the other hand, is especially attractive 
since it deals with first-hand evidence, and while its limitations 
are not yet fully defined they can be determined with no great 
effort by laboratory research. In brief, the proposal regarding the 
use of this mineral as a criterion for the determination of the origin 
of foliated rocks is based on observations which show that zircon 
is present in nearly all igneous rocks as minute crystals and that 
it is practically absent from argillaceous sediments, having been 
concentrated during sedimentation in the arenaceous deposits. 
During this process, also, the zircons tend to assume a worn and 
rounded appearance. 

Derby' was the first to appreciate the possibilities of zircon as a 
criterion, his article outlining the suggestion appearing in 1891. 
The method does not seem, however, to have been taken up by 
many geologists, probably more through a lack of advertisement 
than from any inherent difficulty or weakness. Important use 
has been made of zircon and the somewhat similarly occurring 
minerals monazite and xenotime by Derby and his co-workers 
during active fieldwork in Brazil. 

On considering the possibilities of zircon as a criterion, one 
naturally thinks of such questions as the following: Is the presence 
or absence of zircon sufficiently characteristic of certain rock classes, 
such as igneous or sedimentary, so that it can be used as a criterion 
for their recognition after alteration? Is the character of the 
zircon grains in different rocks sufficiently distinctive in order that 
it may serve to identify them? Do zircon grains ever form or 
recrystallize during the development of foliation ? 


*C. A. Derby, Proc. Rochester Acad. Sci., I (1891), 202. 


? It was from Dr. Leith, who has recently had the opportunity of observing the 
methods of the Brazilian geologists, that the writer received the suggestion to investi- 
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Since the answers to the first two questions involve a knowledge 
of the stability of zircon the third will be considered first. Pre- 
ceding this, however, a short review will be given of the methods 
used in the identification of this mineral. 

IDENTIFICATION OF ZIRCON 

Separation from other constituents.—While zircon is very widely 
distributed in rocks, it is not usually present at any time in more 
than minute quantities, indeed generally under 0.4 per cent. 
For study, accordingly, the zircons in a rock must be concentrated 
in some way. Derby' has recommended that the grains be sepa- 
rated from the ground powder by washing in a Brazilian miner’s 
pan, which, as described, should be made of thick sheet copper in 
the shape of a broad cone, with sides meeting at the apex at an 
angle of 120°. Twelve inches is suggested as a suitable diameter of 
the pan at the opening. The residues obtained, Derby states, may 
be further separated, when necessary, by means of heavy solutions 
as Thoulet’s or Klein’s or with the electromagnet. H. Thiirach,? 
in carrying out a valuable and extensive series of tests for the 
purpose of determining the distribution of zircon, anatase, brookite, 
pseudobrookite, and other minerals, employed a porcelain dish 
instead of a copper pan. The writer has examined a considerable 
number of rocks in the way recommended by Derby and found 
the method very satisfactory. It was considered advisable to 
pass the powder through a sieve before panning. The screen 
generally used was one of 60 mesh. In each case a sample of the 
concentrate was mounted in Canada balsam similarly to a rock 
section. 

I dentification.—The work of Thiirach and Derby has shown that 
minute grains of zircon can usually be easily and surely distin- 
guished from all other minerals except xenotime and cassiterite 
by ordinary optical methods. The following summary of the 
characteristics of zircon, except when otherwise stated, has been 
taken from the work of Thiirach. 

1. Crystal form.—Rounded grains and well-developed crystals 
of the tetragonal system. The crystals are usually bounded by 

' Proc. Rochester Acad. Sci., 1 (1891), 108. 

? Wiirzburg, Phys.-Medic. Gesellsch., XVIII (1884). 
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some combination of prismatic and pyramidal faces, the former, 
however, being almost always present. In Fig. 8, representing 
zircons of the Butte granite, basal pinacoids may be recognized 
but this, apparently, is not a common development. It was noted 
by the writer that the cross-sections of zircons are generally oblong 
rather than square. 

2. Twinning.—Twinning in microscopic grains has never been 
with certainty recognized by Thiirach. The writer’s experience 
has been similar. Geniculated twins were observed by Derby in 
the granite from Somerville, Me. 

3. Zonal banding.—Frequent. 

4. Color.—In fresh crystalline rocks almost always colorless. 
Che writer has observed grains considered to be zircon which were 
slightly brownish. 

5. Optical characters.—High refringence. Brilliant interference 
colors of high order, usually red and green, less commonly yellow or 
blue. 

6. Inclusions—Numerous. Considered by Thiirach to consist 
of apatite, fluids, or gases. Derby states that xenotime also exists 
as inclusions. 

Rutile has been mistaken for zircon but can be distinguished by 
its color (yellow, yellowish or reddish brown), pleochroism, twinning 
(common), absence of inclusions, and chemical reactions. 

Xenotime was not described by Thiirach. From the observa- 
tions of Derby‘ the usual crystal form appears to be octahedral. 
It may be identified by the erbium line in the spectroscope or by 
chemical means. 

The writer has not observed cassiterite in microscopic crystals. 
It is undoubtedly much more limited in its distribution than zircon 
but when present may be difficult to distinguish from the latter. 
According to Lacroix? cassiterite is more frequently twinned than 
zircon. It is also generally darker in color. Gaubert’ states that 
it can readily be distinguished from zircon by color reactions with 
organic substances. 

* Mineralogical Mag., XI (1897), 304-10. 


2 A. Lacroix, Minér. de la France, III (1909), 207. 


3 Paul Gaubert, Bull. soc. fran. minér., XXXIII (1910), 326. 
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THE FORMATION OF ZIRCON AND ITS CAPACITY FOR RESISTING 
ALTERATION 

Crystallization from a magma.—Microscopic evidence shows 
beyond any doubt that the minute zircons (they are rarely over 
o.5 mm. in length) which seem to occur in nearly every igneous 
rock have in general crystallized as an original constituent. More- 
over such methods as are in use for determining the order of crys- 
tallization of minerals indicate that zircons have usually formed 
very early in the consolidation of the magma. 

Formation in rocks secondarily through the agency of water or 
gases.Derby' was of the opinion that all zircons in rocks have 
resulted from the crystallization of igneous melts and that they 
could not be formed in a rock secondarily. He argues: “Unless, 
therefore, these rare chemical agents are introduced into the mass 
subject to metamorphism by the action of the so-called mineralizing 
agents (as fluorine, boron, and tin are supposed to be in the forma- 
tion of tourmaline, topaz, and cassiterite), it is difficult to conceive 
how the minerals in question can appear as newly formed ele- 
ments in a metamorphosed sedimentary. Their early crystalliza- 
tion and uniform distribution in eruptives, as well as their absence 
from schists metamorphosed by contact (in the rare cases in which 
zircon has been noticed it may be presumed to have existed in the 
original sediment) exclude the hypothesis of such an introduction.” 

Thiirach, on the other hand, was of the opinion that zircons 
could form from watery solutions and cited as proof the zircons 
which occur in druses in the chlorite schist of Tyrol and also the 
well-developed crystals in the sericite schist of Taunus which is 
associated with a quartzite containing well-rounded grains. There 
is just a possibility, however, that in the latter case the sericite 
schist may have been formed from material which was not as well 
sorted as the underlying quartzite and consequently more easily 
rendered schistose. In such a case one would not expect the zircons 
to be as water-worn as in the purer variety. 

The following two cases which have recently come to the writer’s 
attention furnish additional proof that the views expressed by 
Derby must be considerably modified. In the crystalline lime- 
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stone of Grenville,’ Ont., large crystals of zircon with well-developed 
faces have been found. They are associated with graphite, wollas- 
tonite and titanite and were probably formed through the action of 
intrusives. The evidence here seems to show that zirconium is 
capable of being carried in solution some distance from the main 
body of the intrusive. 

At Rib Hill, Wausau, Wis., there is a quartzite which is cut by 
granite and which contains abundant zircons, many of which exhibit 
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Fic. 5.—Secondary enlargement of zircon. 180 


secondary enlargement. A microphotograph of one of these grains 
is shown in Fig. 5. The new material has been added largely to 
the ends of the grains, usually forming pyramidal faces terminated 
by the basal pinacoid, though the latter is sometimes absent. In 
one case the new growth was observed to completely envelop the 
original grain. This suggests that the material for the later 
crystallization was, in part at least, introduced from without and 
field relations seem to point to the granite as the source. 


*C. Hoffmann, Ann. Rep. Geol. Surv. Can., IV, N.S. (1890), 66T. 
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The capacity of sircon to resist alteration.—To one who cannot 
see any virtue in the use of zircon as a criterion, if this mineral 
can be formed in a rock secondarily, the evidence given in the last 
section must certainly be disappointing. If the reader, however, 
is willing to accept a compromise and appreciate the value of a 
mineral as a criterion which is markedly characteristic of certain 
rock types, widely distributed, and which remains practically 
unaltered in a rock long after the commoner constituents have 





Fic. 6.—Rib Hill quartzite. Crossed nicols. X20 


entirely recrystallized perhaps there is no reason why he should 
not regard the method as one of distinct promise. 

To illustrate: Take the case of the Wausau quartzite which 
contained the zircons with secondary enlargement. The quartz 
has here undergone such extreme recrystallization that ordinary 
evidence of clastic texture has been entirely destroyed. The rock, 
indeed, is almost as vitreous as ordinary vein quartz. A micro- 
photograph of a section of this rock is shown in Fig. 6. Fig. 7 
represents zircons taken from the same specimen as the slide 
illustrated in Fig. 6 and shows their round and well-worn appear- 
ance, a feature which, as will be seen later, is more or less character- 
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istic of the zircons in sedimentary rocks. Fig. 7, indeed, shows 
that, notwithstanding the cases of secondary enlargement, the 
zircons in this rock have suffered but little alteration. 

Other tests made by the writer seem to confirm the view that 
zircon is remarkably stable under the conditions present during 
the development of foliation. Three sericite schists, for example, 
considered to have been developed from quartzite all showed no 
change in the character of the zircons during the alteration of the 





Fic. 7.—Zircon grains from Rib Hill quartzite. X40 


rock. In two of these cases the zircons of both fresh and altered 
rocks were roundish in form while in the third (illustrated in Figs. 
10 and 11) they were somewhat better developed. Two quartzose 
phases of highly altered sedimentary gneisses showed abundant and 
well-rounded zircons. In two cases of schist developed from 
igneous rocks the zircons in the schists were similar to those in the 
unaltered rocks and possessed sharp crystal outlines. 

[HE SIGNIFICANCE OF THE PRESENCE OR ABSENCE OF ZIRCON 

IN A ROCK 

Distribution of zircon in unaltered rocks.—Leaving aside for the 

moment the question of the stability of zircon, one may inquire 
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regarding the distribution of zircon in unaltered rocks for this, 


indeed, must form the basis for the application of zircon as a 
criterion. 

Thiirach stated that he had recognized zircons in every igneous 
rock tested, including basalts and dolerites. His observations 
indicate, however, that they are most abundant in the acidic types 
such as granite and syenite. Derby, also, has expressed the opinion 
that zircons are almost universally present in eruptives. Zircons 
were recognized by the writer in every granitic rock examined but 
their abundance was found to vary greatly with specimens from 
different localities. They appeared to be much less numerous in 
basalts and other basic rocks than in the acidic varieties, none, 
for example, being detected in a test on material from a specimen 
of diabase from Gowganda, Ont. 

Zircon appears to be present in varying amounts in practically 
every arenaceous rock. Thiirach reported its presence in every 
sandstone examined and the writer’s observations are similar, 
eight quartzites all showing zircon and generally abundant. 

Shales, however, appear to be comparatively free from zircon 
though Thiirach’s thorough tests revealed its presence in nearly 
every case examined. Derby says that zircon is almost absent 
from argillaceous deposits and they were only observed occasionally 
in such rocks by the writer. 

Distribution of sircons in metamorphic rocks.—Thiirach found 
zircon to be generally abundant in feldspar-rich gneisses (presum- 
ably largely of igneous origin) and less common in, but seldom 
absent from, mica gneisses (probably mostly of sedimentary origin). 
Derby’s observations show that schists free from quartz such as 
amphibolite and amphibole schist frequently show abundant zircons 
but that micaceous schists contain only comparatively few grains 
of that mineral. The writer’s observations, as was mentioned 
before, indicate that zircons undergo but little change during the 
development of foliation in a rock. 

On the whole, then, it appears that the examination of meta- 
morphic rocks does not reveal any differences in distribution of 
zircon than might be expected from the preservation of original 


grains. 
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Conclusions.—The facts at hand seem to show that when zircon 
is present in a rock in considerable abundance the original rock was 
probably either igneous or a sandstone and not an argillaceous rock 
j or a chemical deposit. 

The absence of zircon in a rock is not so significant. It, how- 
¢ ever, favors the idea that the original rock was of sedimentary 
origin and suggests somewhat strongly that it was not a granitic 


rock or a sandstone. 


THE SIGNIFICANCE OF THE CHARACTER OF THE ZIRCON GRAINS 
IN FOLIATED ROCKS 





The rounding of the crystal outlines during sedimentation.—It 
has been previously noted in a general way that the zircon grains 
in igneous rocks have well-developed crystal outlines while those 
in sedimentary rocks are more or less rounded. The facts of 
observation should, however, be stated more fully in order that the 
amount of confidence to be placed in this distinction as a criterion 
can be determined. 

Thiirach has stated that the zircons in granites and syenites 
[ generally show well-developed crystal forms while many roundish 
grains occur in diorite. In basalts and dolerites he observed that 
the zircons were generally roundish and frequently showed a zonal 
banding parallel to the boundaries of the grain. In sedimentary 
rocks, according to Thiirach, the zircons are generally rounded but 
some possess distinct crystal boundaries. 

While Derby has noted that the crystal forms in igneous rocks 
are, as a rule, better developed than those occurring in sands, he 
has expressed the opinion that in the former perfectly sharp-angled 
crystals are the exception rather than the rule and apparently 
characterize the amphibolitic rather than the micaceous types. 

The investigations of Mackie" on the rounding of sand grains 
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indicate that zircon is more readily rounded than quartz, probably 

on account of its higher specific gravity. Four sands discussed 

by this writer showed a predominance of rounded forms in each 
; case. 


*Wm. Mackie, Trans. Edinburgh Geol. Soc., VU (1897), 298-311. 
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The recent article by Scherzer’ on the recognition of the types 
of sand grains is interesting in this connection. Scherzer considers 
that well-rounded grains are typical of eolian deposits. In this 
paper reference is made to the experiments of Daubrée which seemed 
to show that granules less than o.1 mm. in diameter? cannot be 
rounded by water action. Typically rounded grains of zircon were 
observed by the writer in the section of zircons illustrated in Fig. 9 


under .o6 mm. in diameter. 





Fic. 8.—Zircons from Butte granite. X40 


The writer’s tests indicate that the zircons of granitic rocks 
have generally good crystal form, sometimes with perfect faces as 
shown in Fig. 8 and in other cases having somewhat rounded out- 
lines. The zircons represented in Fig. 8 are, by the way, from a 
biotite granite and form an exception to the rule proposed by Derby 
with regard to the relative perfection of form between the amphibo- 
litic and micaceous types. Tests made on about 15 specimens of 


« W. H. Sherzer, Bull. Geol. Soc. Amer., XXI (1910), 625-62. 


? \. Ziegler in an article which has just appeared states that it is improbable that 
grains less than 0.75 mm. in diameter could be well rounded under water (Jour. Geol., 


XIX [1911], 654). 
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rocks derived from sand showed that the zircons were generally 
more rounded than is usual in igneous rocks. 

From a consideration of the above facts, it must be acknowledged 
that the zircons in igneous rocks are sometimes roundish in char- 
acter and that in sedimentary rocks, if the original materials were 
not subjected for considerable time to the abrasive and sorting 
action of rivers, waves, and wind, perfect crystal forms may have 
been preserved. Notwithstanding these possibilities it seems safe 


4% xy! 






Fic. 9.—Zircons from quartzite, Gowganda, Ont. X4o 


to say that the presence of good crystal outlines in zircons of a 
foliated rock indicates that the original rock was probably igneous 
while rounded forms suggest a sedimentary origin. When the 
rounding is pronounced the proof of sedimentary character is 
strong, but when it is slightly developed it is of little signifi- 
cance. 

The luster of zircons in igneous and sedimentary rocks.—The 
luster of zircon grains is a character closely allied to their form. 
According to the writer’s observations the zircons in igneous rocks 
usually have a clear, fresh, vitreous appearance while those in 
sedimentary rocks frequently have a dull, pitted look like ground 
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glass. Derby' has noted this distinction and remarked that “a 
lack-luster aspect without evidence of alteration is the most certain 
sign of wear.’ This dull appearance of the grains is brought out 
fairly well in Fig. 7. 

While it is true that a fresh appearance, like good crystal form, 
may be preserved during sedimentation, the writer regards this 
feature as of considerable value as an additional proof of igneous or 
sedimentary origin. 

The significance of peculiar crystal forms.—The zircons in many 
rocks possess distinct individuality in their forms and the writer 
considers this peculiarity may be made use of in determining the 
origin of foliated rocks. It sometimes happens, for example, that 
near an area of schistose rocks there are other rocks of less altered 
character which, according to field relations, might well represent 
part of the original rock, now largely schistose. It is the writer's 
opinion that zircons in the fresh and altered rocks might be so 
similar in character as to be fairly conclusive evidence that the two 
rocks were originally of the same character. 

The variation in form depends largely upon the relative develop- 
ment of the different possible faces. Sometimes the zircons are 
needle-like in character with the prismatic faces prominent, and 
at other times the crystals may be short and terminated by one or 
more sets of pyramids. The basal pinacoid face seems to be only 
rarely developed? but is present in the majority of grains in the 
section made from the Butte granite and illustrated in Fig. 8. 

This use of peculiar crystal forms has been tested by the writer 
successfully in several cases where the fresh and unaltered repre- 


sentatives of a rock were obtainable. 


CONCLUSIONS REGARDING THE USES OF ZIRCON AS A CRITERION 
1. The presence of abundant, minute grains of zircon in a meta- 

morphosed rock strongly indicates that the original rock was either 

igneous or an arenaceous sediment. A recomposed igneous rock 

could in no way, of course, be distinguished from an igneous one 

by means of this mineral. The possibility of introduction from 
' Proc. Rochester Acad. Sci., I (1891), 202. 


2 J. D. Dana, Descriptive Mineralogy (1909), 483. 
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igneous contacts must also be kept in mind, though, as was 
stated, cases where minute zircons have been clearly introduced 
at contacts are not known. 

2. Abundant grains of well-crystallized zircon, especially when 
uniform in character and fresh in appearance indicates that the 
original rock was igneous. ‘There are, however, the possibilities of 
recrystallization of the zircons in an arenaceous sediment during 
dynamic metamorphism, introduction near igneous contacts and 
preservation of crystal form during sedimentation. 

3. Abundant grains of well-rounded zircon, especially when 
possessing a worn appearance like ground glass strongly indicates 

sedimentary origin. Zircons, however, occur quite frequently 
as roundish grains in igneous rocks, being especially common in the 
more basic types. 

4. Absence of zircon grains in quartzose bands in a metamorphic 
rock indicates that such bands do not represent sedimentary layers 
but were probably deposited from solution. 

5. Similarity in character ‘of zircon grains may be used in 
identifying the unaltered equivalent, when such exists, of the 
metamorphic rock. Derby has employed this method in Brazil 
in mapping the distribution of badly weathered rocks. 


[THE USE OF MONAZITE AND XENOTIME AS CRITERIA FOR DETERMIN- 
ING THE ORIGINAL CHARACTER OF FOLIATED ROCKS 

Monazite (Ce, La, Di), PO,, has been mentioned by Derby as 
possibly having an application similar to zircon in the determination 
of the igneous or sedimentary origin of schists and gneisses. Derby' 
has discussed various methods for the identification of monazite 
in minute grains. In addition to ordinary microscopic tests, 
microchemical reactions and examination with a hand spectroscope 
are recommended. Monazite, according to Derby, is almost uni- 
versally present in muscovite granites and their gneissic equivalents 
and frequently occurs in biotite granites. Tests so far made by him 
indicate that it is lacking in the amphibole granites and all other 
more basic rocks. As in the case of zircon, monazite becomes con- 
centrated in the arenaceous deposits during sedimentation. The 


* Am. Jour. Sci., 4th Ser., X (1900), 217-21. 
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value of monazite as a criterion is, however, lessened by the 
fact that several cases have been observed in which it is clearly 
secondary in a metamorphic rock. In addition to secondary 
enlargements of rounded grains, Derby has noted clear crystals 
containing inclusions of hematite and rutile and, accordingly, 
almost certainly of secondary origin. Perhaps the chief applica- 
tion of monazite in the indentification of metamorphic rocks will be 
found in its use as an aid in the recognition of the unaltered phase 
of a metamorphic rock when the original type still exists. 
Xenotime, YPQO,, is somewhat similar in its character and 
occurrence to xenotime. It has, however, even a more limited 


distribution than the latter. 


[To be continued | 
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SILICEOUS OOLITES AND OTHER CONCRETIONARY 
STRUCTURES IN THE VICINITY OF STATE 
COLLEGE, PENNSYLVANIA’ 


ELWOOD S. MOORE 
The Pennsylvania State College 


rhe town of State College is situated near the geographical 
center of Pennsylvania. It lies among the erosion remnants of the 
\ppalachian Mountain system and near the western border, where 
the highly folded strata of the Tussey and Bald Eagle ranges begin 
to flatten out into the gently dipping beds of the Allegheny Moun- 
tains. These mountains occupy the synclines of the original folds 
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Fic. 1 Representative geological section through the odlitic area 


while the present valleys always lie along the original anticlines, 
which have suffered more rapid erosion than the synclines, permitting 
the streams to cut down to the base of the Ordovician system. 

A geological section through the area would show, from the oldest 
exposed strata upward, several hundred feet of interbedded sand- 
stone, limestone, and calcareous sandstone, grading over in the 
upper layers into limestone-conglomerate in which the pebbles 


Paper read before Section C of the British Association for the Advancement of 
Science, Portsmouth meeting, 1911. The discussion showed that siliceous odlites are 
plentiful in England in rocks of similar physical character and geological age, but 
such satisfactory evidence of their origin by replacement of calcareous odlites had not 


been previously found. 
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have not as a rule suffered extensive erosion. Few fossils have 
so far been found in the lower portion of this series and only a 
few distinct gastropods in the upper portion. There are, there- 
fore, differences of opinion regarding the geological age of this 
series but it should probably be regarded as a transition stage 
between the Cambrian and the Ordovician. 

Above this transition series, which is exposed only in the eroded 
crests of the anticlines, there are several thousands of feet of 
fossiliferous limestones which may be regarded as typically Ordo- 
vician and these are overlain by about five hundred feet of Utica 
shale of the Upper Ordovician. Following the shale are the 
Medina conglomerate and sandstone, which occupy the synclines 
of the original folds and cap the present mountains. 


THE TRANSITION SERIES 


The greatest interest in this area centers around the transition 
series. It shows very frequent alternations of dark, crystalline, 
magnesian limestone through odlitic limestone, arenaceous and 
very fine grained, white limestone to calcareous and also nearly 
pure white sandstone. With these strata occur numerous beds 
of chert and siliceous odlite, some iron ore and cherty sandstone, 
the latter due to secondary infiltration of silica and iron. Many of 
the limestone beds show numerous cavities which have been formed 
by solution and these are often partly filled with quartz or calcite, 
indicating extensive transportation of mineral matter. 

The mixture of sand and limestone has produced conditions 
favorable for a great amount of water circulation and chemical 
activity and the ready disintegration of this series of rocks, with the 
result that vast quantities of loose sand, and fragments of chert 
and sandstone have been left on the surface, destroying the agri- 
cultural possibilities where the series is exposed and producing the 


area locally known as the “ Barrens.”’ 
CONCRETIONARY STRUCTURES 
There are a variety of concretions occurring in the region under 


discussion. In the Utica shale there are many limonite concretions 


consisting very largely of argillaceous material but often containing 
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much lime. They are usually in the form of flattened ovals and 
have been developed since the formation of the shale. 

Throughout the Ordovician limestone but especially in the 

; wer and dolomitic beds of the system there are great numbers 
of chert and flint concretions. In some cases these bodies possess 
the forms of sponges, and although they have been so much altered 
that they cannot be definitely identified as sponges, they are 

' believed to be remnants of these animals and it is believed that 
sponges originally supplied some of the chert around which most 

' ‘§ these concretions were built up. Some of these bodies ot chert 
possess a distinctly concentric arrangement, while others are very 

; irregular and often very large. In a few cases these masses of 
juartz and chert are as much as three feet in diameter and appear 
to have been cavity fillings in the limestone. The silica varies 

composition from flint and chert to rock crystal and in some 
cases gradations from chert to the phanerocrystalline variety in 
massive form may be observed in the same body. 

Of considerable economic importance are the beds of limonite 
in the transition series. This mineral forms concretions in the 
decomposed limestone beds where the limestone has been replaced 
and fills cracks in a brecciated sandstone which is interbedded with 
the limestone. These concretions are sometimes a couple of feet 
in diameter, and are frequently hollow with the central cavity 
filled with water. When they are broken an explosive sound is 

produced, showing that they exist under a state of tensional stress. 

lhe formation of these bodies probably began by the deposition 
of iron oxide around the walls of a cavity filled with water and they 
grew by replacement of limestone. 

The source of the iron is believed to be found in the pyrite in 
the shales and limestones of the Ordovician, in the red sandstones 
of the Silurian, and probably in the limonitic and sideritic shales 
and sandstones of the Carboniferous, which have been removed by 
erosion, leaving their iron contents to be carried downward by 
meteoric waters. The rapid solution of the interbanded calcareous 
sandstone and limestone strata permitted a slumping of the solid 
sandstone, thus producing an extensive sandstone breccia to be 


cemented with iron oxide. 
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: The most interesting concretions in this area are, however, 


the calcareous and siliceous odlites. 


| CALCAREOUS AND SILICEOUS OOLITES 


Calcareous odlites are of such common occurrence that they 
require but a brief description here. Several beds of them occur 





Fic. 2.—Photomicrograph of a calcareous oélite with sand grain as nucleus. X45 


in the transition series in the vicinity of State College and in lime- 
stone which has been largely recrystallized. They vary in size 
from 1.35 mm., the largest measured, to 0.22 mm. in diameter. 
They have not been seen in the very fine-grained limestone of the 
series. Their presence in thin sections is often indicated by a single 
outer circle but at other times the concretion consists of several 


concentric spheres. There is generally a nucleus of some sort in 
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the center of the concretion. This is frequently a sand grain and 
grains have been found varying from 0.6mm. to 0.04 mm. in 
diameter and it is believed that some small body has in all cases 
served asa nucleus. Ina few cases what appear to be recrystallized 
fragments of limestone serve as a central body. 

The occurrence of these concretions is believed to be due to the 
intermixture of sand grains and calcium carbonate. The fact that 
limestone-conglomerate beds are associated with these rocks sug- 
gests that the sea was near the critical level in this area, and portions 
of limestone, probably not thoroughly consolidated, were from 
time to time exposed to erosion by fresh water or broken up by 
shore waves, resulting in the supersaturation of the sea water with 
calcium carbonate and the deposition of odlitic limstone near the 
shore. Beds of well-rounded sand grains underlying the odlite 
beds suggest further a sea advancing upon deposits of wind-blown 
sand mixed with a certain amount of limestone. 

Although siliceous odlite has been reported as occurring in 
Missouri and Tennessee, it is not a common type of rock in this 
country. The area in Pennsylvania has therefore been a notable 
one, although never thoroughly described. Dr. G. R. Wieland 
wrote a brief description of the rock and as a result it has locally 
been known as Wielandite and sold by some mineral dealers under 
that name.’ 

The area in which it occurs in large quantity covers about forty 
square miles and it is scattered sparingly over a much larger area. 
It has been reported from the Chambersburg, Pa., area about 
seventy-five miles south of State College and in rocks of similar 
age and physical character.2, The rock occurs in large quantities 
as broken fragments on the surface and in the form of larger con- 
cretionary masses of chert. There are as many as six beds of the 
rock lying one above the other in the limestone, from five to twenty 
feet apart. The beds are generally thin, varying from an inch to 
twenty inches in thickness, and often extremely irregular. The 
odlites are often nearly white in a dark matrix and almost black in 
a light-colored matrix. They consist of chert or flint and when 

im. Jour. Sci., 4th ser., [IV (1897), 262. 


2 U.S.G.S., Folio 170. 
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polished some specimens make attractive ornaments. ‘The solid 
odlite rock may grade over into chert with few odlites, and further, 
to solid chert. The odlites frequently occur in concretions of chert, 
thus showing a mass of small concretions forming a larger one. 

A complete sand grain often forms the nucleus of these con- 
cretions but frequently the sand grain is partially or wholly granu- 





Fic. 3.—Photomicrograph of a siliceous oélite with a sand grain as nucleus. X35 


lated just as quartz grains are in highly metamorphosed rocks, 
and it is difficult to explain how these could be broken by compres- 
sion without deforming the concretion, which often remains per 
fectly round, unless a recrystallization of the odlite as a whole 
has occurred. In the ability of concretions to reform and recrystal- 
lize under metamorphic conditions, as well as in the marked simi 
larity which concretions of any mineral possess in widely separated 


regions they show a striking similarity to crystals. While so far as 
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our knowledge of these bodies goes there is not so intimate a rela- 
tion between the external form and the molecular structure as there 
is in crystals, there must be some relation on a larger scale, though 
less perfect, and it is probable that when concretions are more fully 
understood it will be found that: their structures, like those of 
crystals, are all developed according to definite laws. 





Fic. 4.—Photomicrograph of siliceous odlites imbedded in a chert ground mass. X45 


ORIGIN OF THE SILICEOUS OOLITES 
Two theories have been suggested for the origin of the siliceous 
odlites. In his article on ‘‘ Eopaleozoic Hot Springs and the Origin 
of the Pennsylvania Siliceous Odlite,”* Dr. Wieland endeavors to 
show that they originated in the siliceous waters of hot springs. 
His statements, however, indicate a very limited knowledge of the 
rock, since he states that it occurs over an area of one square mile 


im. Jour. Sci., 4th ser., [V (1897), 262. 
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and has nox deen observed in place. I do not think there is much 
to justify his theory, as there is no evidence of igneous activity 
anywhere in the vicinity nor other geological features to suggest the 
presence of hot springs. 

The other theory, and the only reasonable one to my mind, is 
that they originated by the replacement of limestone. This 





Fic. 5.—Photomicrograph of calcareous oélites in various stages of alteration to 


siliceous odlites. 45. 


explanation was suggested by Barbour and Torrey who made 
some microscopical examinations and chemical analyses of these 
rocks without seeing them in the field... The following analyses 
were made by these men and show a variation in composition from 


“Notes on the Microscopical Structure of Odlites with Analyses,’’ Am. Jour. 


Sci., 3d ser., XL (1890), 246-40. 
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silica 3.70 to 95.83 per cent and calcium carbonate from 88.71 to 


» 


3.45 per cent—thus a gradation from calcareous to siliceous 


oblite. 

I II Ill A Single Odlite 

Per cent Per cent Per cent Per cent 

SiO 3.70 50.50 05.33 SiO, 90.00 
Fe,0O,+ ALO 1.42 I.50 2.93 FeO 00.01 
CaCO, 88.71 16.84 CaO 1.93 
MgCo,. 8.09 2.60 MgO trace 
Water 12.54 | 


This alteration is well illustrated in Fig. 5 which shows vari- 
ous stages in the process of replacement. In most cases the re- 
placement begins around the sand grain in the center, if one 
be present, due probably to the chemical influence of the silica 
already present in the odlite; but if there be no sand grain as 
a nucleus this process is more likely to begin in one of the outer 
rings of the concretion. A number of slides having been examined 
in conjunction with field observations, there remains no doubt 
that these siliceous odlites originated by replacement of the 


calcareous forms. 


THE SOURCE OF THE SILICA 


The source of the silica is to be found in the cherty remains of 
sponges and other animals and in the sandstones. According 
to Van Hise, the organic silica is more readily dissolved than 
the mineral silica and it is true that in this region the crypto- 
crystalline variety of the mineral has been much more largely 
transported than the phanerocrystalline. There are good ex- 
amples of the solution of chert in a brecciated chert bed in 
which the fragments have been rounded off and silica deposited 
along the fractures as cement. In the sandstones there are 
numerous examples of the partial solution of sand grains and the 
movement of the silica along cracks in the rocks. This feature 


is well illustrated by Figs. 6 and 7, where sand grains may be 
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seen which are partially dissolved and the material redeposited 
in a granular condition. 

It is more difficult to account for the agent which dissolved the 
silica in this area. Hot water would be an active agent if present, 
and although the heat developed during the mountain-building 
period must have been considerable there are no metamorphic 





Fic. 6.—Photomicrograph illustrating solution and transfer of silica. 45 


changes of sufficient importance to justify the conclusion that the 
heat became great enough to effect the solvent action of the meteoric 
water to any appreciable extent. The presence of carbonic acid 
doubtless played a part but the extent of this action is uncertain. 
Alkali waters may have produced important effects but we have 
no proof that they were present in large amounts and we must 


therefore turn to organic acids as a recognized agent of importance 
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and one which has doubtless been very active in this area since it 
emerged from the sea. In the bulletin, The Data of Geochemistry, 
F. W. Clarke has presented evidence of the great influence of organic 
acids in the solution of silica." A. A. Julien, T. Sterry Hunt, and 
many others have made important observations and experiments 


on the solvent action of these acids, and since there is reason to 





Fic. 7.—Photomicrograph of odlites, illustrating the solution and granulation of 
the sand grains forming the nucleus of the concretions. X 45. 
believe that these agents have been at work for extended periods 
of time and the solution and transportativn of iron and silica are 
known to be going on at the present time under their influence, it 
seems reasonable to conclude that organic acids may be regarded 
as the most important agent in the formation of these siliceous 


oblites. 


* Data of Geochemisiry, Bulletin 330, U.S.G.S., p. 84. 




























=e pe 


a 


——— 


PETROLOGICAL ABSTRACTS AND REVIEWS 


Epitep By ALBERT JOHANNSEN 


‘ 


CAMPBELL, ROBERT. “Preliminary Note on the Geology of South- 
east Kincardineshire,’ Geol. Mag., VIII (1911), 63-69. 

In this paper the author presents the salient points of his rather 
important studies in this very interesting region. Extending about 
3,500 feet southeast from Garron Point is a series of crushed green 
igneous rocks with intercalated black shales, jaspers, and cherts; and 
in the shales a remarkable suite of fossils has been found, tending to 
show that these rocks are of Upper Cambrian age. This series is bounded 
on the north by an overthrust fault, probably a continuation of the 
great Highland fault. Resting unconformably upon them to the south- 
east are 3,860 feet of Upper Silurian (Downtonian) rocks, chiefly sand- 
stones and shales, with volcanic conglomerates and tuffs, and with a 
basement breccia 200 feet thick. The latter is largely composed of 
fragments of the underlying Upper Cambian rocks. In one of the 
sandstone and shale members of this series eurypterids and plant remains 
were found, and from one stratum an excellent collection of fishes was 
made. Overlying this series conformably, is the Lower Old Red Sand- 
stone, and above this the Upper Old Red, while still later quartz dolerite 
dikes are frequently found. 

It will be noted from the foregoing brief summary that aside from 
the detailed mapping several important reversals of the current classi- 
fication have been made. It has always hitherto been thought that the 
great Highland fault formed the boundary between the Upper Cambrian 
and the overlying series and that the basement breccia of the latter was 
a fault breccia. Again, the 3,860 feet of the Upper Silurian had been 
previously considered part of the Lower Old Red Sandstone. Finally, 
the abundance of volcanic material in both of these formations indicates 
that volcanoes must have been active in this region in pre-Downtonian 
times, although Geikie had placed the initial outburst at a considerably 
later date. 


G. S. ROGERS 
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Day, A. L., AND SosMAN, R. B. “The Melting Points of Minerals 
in the Light of Recent Investigations on the Gas Thermome- 
ter,’ Amer. Jour. Sci., XXXI (1911), 341-49. 

The determination of a new thermometer scale (described in a pre- 
vious article) was based on investigations on the gas thermometer, 
which resulted in the attainment of a greater accuracy between 400° 
and 1,150, and the extension of these temperatures by the extrapolated 
curve to 1,550 with an absolute accuracy of 2° at that temperature. 
Upon the more accurate data thus afforded the melting and inversion 
points of a number of minerals have been reinterpreted, and are here 
given. The tables are prefaced by certain definitions: thus, melting- 
point is defined as the point at which a mineral changes from a crystalline 
to an amorphous (liquid) state; inversion point as that at which it 
passes from one crystalline state to another; and the difference between 
the melting interval of slow melting pure compounds, such as quartz, 
and of mixtures of solid solutions, such as plagioclase, is discussed. 

G. S. ROGERS 


DEWEY, HENRY, AND FLettT, JOHN SmitH. ‘On Some British 
Pillow-Lavas and the Rocks Associated with Them,” Geol. 
Mag., VIII (May, 1911), 202-9; (June, 1911), 241-48. 

The basic submarine lava flows form an important series among the 
Paleozoic igneous rocks of Great Britain, appearing in the pre-Cambrian 
and in all the Paleozoic systems except the Upper Silurian and the 
Permian. In most cases they show more or less of a pillow structure, 
are as a rule very much decomposed, and are characterized by feldspars 
rich in soda. The name spilite is generally applied. Under this name 
is described a rock of variable texture, of which the chief components 
are a soda-rich feldspar, pale brown augite, in some cases remains of 
olivine, and a fair amount of glassy base which is now wholly devitrified. 
The feldspar, especially in the more decomposed specimens, is albite 
and appears peculiarly fresh. From this, and other evidence, the authors 
argue that much of the albite is secondary and that it probably belongs 
to a pneumatolytic phase immediately following the extrusion. Asso- 
ciated with the spilites are intrusive rocks of a great variety of types— 
picrite, diabase, minervite, quartz diabase, heratophyre, quartz kera- 
tophyte, soda felsite, and albite granite—ranging from ultrabasic to 


acid in composition. 
Accepting as established the division of the eruptive rocks into two 
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great suites, the Atlantic and the Pacific, the authors would add to these 
another, the spilitic suite. This association of rocks is characteristic 
of regions which have undergone long-continued and gentle subsidence 
with no important folding. They belong to a natural family that can 
be clearly distinguished from the Atlantic and Pacific suites. 

The constant association of adinoles (albitized shales) with the albi- 
tized igneous rocks furnishes a strong confirmation of the theory that 
there was a great addition of soda after the consolidation of the igneous 
rocks through the agency of magmatic waters. 

E. R. Luoyp 


Jounston, J., AND ApaAms, L. H. “Influence of Pressure on the 
Melting-Points of Certain Metals,” Amer. Jour. Sci., XXXI 
(1911), 501-17. 

The paper describes at considerable length a highly efficient apparatus 
for measuring melting-points with an accuracy of five atmospheres and 
of .o2°. Pressures up to 2,000 atmospheres may be produced, and are 
transmitted by a high-boiling paraffin oil, the use of this agent enjoining 

a temperature of 400° as a maximum. The change of pressure of the 

melting-points of the only four metals melting below 400°, viz., tin, 

bismuth, lead, and cadmium are given; it was found to be a linear 
function of the pressure. The latent heat and volume change on melting 
of these four metals is also computed. 

G. S. ROGERS 


Kraus, Epwarp H. “A New Jolly Balance,” Amer. Jour. Sci., 
XXXI (1911), 561-63. 
The new features of this balance reduce the number of readings 
necessary for the determination of specific gravity and record the elonga- 
tion of the spiral spring so that verification of the readings is possible. 


HAROLD E. CULVER 


Mitcu, L. “Die heutigen Ansichten iiber Wesen und Enstehung 
der kristallinen Schiefer.’’ Geologische Rundschau, Band I, 
Hefte 3 u. 4, pp. 36-58. 

L. Milch aims at an impartial presentation of the views of various 
investigators on the nature and origin of the crystalline schists, with a 
bibliography of the most important papers. 

He points out that two of the fundamental problems of the origin 
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of crystalline schists are now settled, viz., the source of the crystalline 
schists, and their relation to time. They have developed from both 
sedimentary and igneous rocks in various periods, and are not the result 
of conditions peculiar to the Archean, as formerly supposed. Opinions 
are still divided, however, on the processes of schist development. These 
diverse views can be grouped under two heads: (I) those which ascribe 
the origin of schists to processes independent of the agency of igneous 
rocks; (II) those which regard the agency of igneous rocks as controlling. 

I. The origin of crystalline schists without the agency of igneous 
rocks. 

a) High temperature of the earth’s interior —Hutton and Lyell 
emphasized the alteration of normal sediments into schists through 
fusion and recrystallization effected by the high temperature of the 
earth’s interior. This view and the experiments of Daubrie on the 
alteration of minerals by superheated water, formed the basis of 
Giimbel’s diagenesis (1868), the alteration of mechanical sediments into 
crystalline schists by superheated waters. 

b) Hydrochemical metamorphism.—Bischof and others interpreted 
the gradation between clay, slate, mica schist, and gneisses as resulting 
from the chemical action of percolating waters. 

c) Dynamic metamorphism.—The fact that schists appear in areas 
of folded younger rocks led Lossen (1867) to assume that schists are 
sediments which have been recrystallized through moisture and pressure. 
Later Rosenbusch (1889, 1891) asserted that the crystalline schists in- 
clude both igneous and sedimentary rocks which have been altered by 
geodynamic processes. In 1892 F. Becke concluded that there are two 
types of dynamic metamorphism. One of deeper zones is effected by 
recrystallization and resembles contact metamorphism by granites; 
that of shallow depths involves granulation and is like propylitization 
in its chemical effect. 

In 1894 L. Milch argued that recrystallization could not be effected 
by pressure alone but must be traced to water heated or superheated 
by pressure, and that therefore pressure from load would have the same 
effect as pressure from crustal shortening, and thus differentiated. 
Belastungs and Dislokations—metamorphism. L. Milch, (1899), T. J. 
Sederholm (1891), and Lepsius concluded, independently, that rocks are 
chemically altered by pressure and percolating solutions combined. 

Pressure produces secondary parallel structure (schistosity) by 
granulation of the original particles, by rotation of platy or columnar 


particles, so that their major dimensions lie in a plane normal to the 
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pressure, and by recrystallization. According to A. Heim, rocks which 
are subjected to pressures far in excess of their strength are in a condition 
of latent plasticity (1878). In great depths, where stresses are trans- 
mitted equally in all directions, rock particles are under hydrostatic 
pressure, and therefore are deformed without fracture. Where deforma- 
tion takes place without fracture, shearing on gliding planes as shown 
by O. Miigge and the increase in plasticity of crystals with rise of 
temperature as shown by L. Milch on halite are very important. 

R. Brauns pointed out in 1896 that, wherever pressure, heat, and hot 
water act on a rock, alterations in the rock take place until equilibrium 
is reached. 

In 1898 Van Hise divided the earth into a zone of fracture and a zone 
of flow. The crystalline schists develop in the latter, recrystallization 
and mineral parallelism being effected by water which causes the transfer 
of material by solution and deposition from areas of maximum pressure 
toward areas of minimum pressure. Van Hise also divided the earth’s 
crust into two physical chemical zones, the upper characterized by reac- 
tions which liberate heat and the lower by reactions which absorb heat. 

L. Milch and others believe that the “law of volume,” according 
to which those minerals which occupy minimum volume tend to develop, 
is counteracted by high temperature, which tends to bring about the 
opposite, result. L. Milch therefore separates the crust into two zones, 
an upper in which the “volume law” controls, characterized by the 
development of hydrous minerals, and a lower zone in which temperature 
is the controlling factor and practically prevents the development of 
hydrous minerals. U. Grubenmann designates the transition between 
these two regions a third zone. The type minerals of the lower zone 
are pyroxene, garnet, biotite, lime plagioclase, potash feldspar, silli- 
manite, cordierite, olivine; those of the upper zone, zoisite, epidote, 
muscovite, albite, and chloritoid. Hornblende, quartz, tourmaline, 
staurolite, titanite, and rutile are common to both. Milch also believes 
that the “Kristalloblastic’’ texture of schists is determined by the 
crystallizing force of the contemporaneous minerals. Accordingly those 
minerals assume crystal form which have the densest aggregation of 
molecules, and preferably those crystal surfaces develop which have the 
closest spacing of molecules, particularly cleavage faces. Mineral 
parallelism is less due to mechanical plasticity than to solution and 
deposition according to the principle of Riecke. The following tables 
of U. Grubenmann show the relation of the three zones to the rocks 


which are characteristic of each. 
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CONTROLLING FACTORS OF EACH ZONE 


Temperature P Hydrostatic Sevens Predominant Effect 
oning Pressure of Pressure 
Upper zone Moderate _ Slight Great Mechanical 
Middle zone.| Greater —(- Greater Very Chemical (Vol. law, 
great Riecke prin.) 
Deep zone Very great — Very great Less Chemical (show re- 


crystallization 
with retention of 
form) 


TABLE OF ROCKS OF EACH ZONE 

Upper zone. Quartz phyllite, sericite phyllite, lime phyllite, chloritoid schist, 
chlorite schist, talc schist, serpentine, epidote fels, and topfstein. 

Middle zone. Muscovite schist, muscovite-biotite schist, biotite schist, garnet- 
staurolite-actinolite schist, nephrite-glaucophane schist, mica 
gneiss, hornblende gneiss, garnet gneiss, epidote gneiss, marble, 
quartzite. 

Deep zone. Biotite gneiss, pyroxene gneiss, stillimanite-cordierite-garnet 
gneiss, granulite, garnet-mica schist, garnet fels, eclogite, 
jadeite, augite fels, marble, quartzite. 

II. The various conceptions which assign the origin of crystalline 
schists to the agency of eruptive rocks can be grouped as: 

1. Those which regard gneisses as primary unaltered eruptive rocks. 

2. Those which ascribe the crystalline schists to the result of the 
metamorphic action of igneous rocks on sediments. 

Crystallization of magmas under differential pressure or piezo- 
crystallization (Weinschenk) and the deformation of igneous rocks while 
still charged with hot juvenile waters (Becke) have been suggested as 
processes which might explain the first. 

Direct contact metamorphism, injections of the intrusive, mainly 
along parallel zones into the intruded rock, the action of mineralizers, 
and the absorption of the intruded by the intrusive rocks have been 
advanced by various writers as processes by which gneisses and schists 
have developed through the agency of igneous rocks. Michel Levy has 
pointed out that the alteration of sediments into schists and gneisses 
adjacent to contacts is not confined to recrystallization, but that there 
is a zone of impregnation which becomes regional with depth. Slow 
recrystallization has little effect on texture as contrasted with forcible 
injection of the intrusive and partial absorption of the older rock. 

Occasionally, the contact between a slate and granite is marked 


by series of parallel injections of the granite into the slate, while masses 
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of the slate have been submerged in the granite, and partially absorbed, 
giving rise to schlieren. Transferring this observation to large areas of 
schists, a part of them have been designated as “ gneisses of injection” 
and still another as mixed rocks. Injection of materials is also connected 
with direct contact metamorphism, often resulting in recrystallization 
under pressure—piezo-crystallization. Weinschenk designates those 
schists whose development was conditioned by piezo-contact metamor- 
phism as “alpine facies,’ and as normal facies those schists which have 
been developed through impregnation, injection, and resorption without 
the agency of pressure. 

The conception that the action of mineralizers on sediments con- 
tributes to the origin of schists has been extended by Termier (1901, 
1903) to explain the origin of lenses of peridotite, gabbro, or amphibo- 
lite concordantly imbedded in sediments. He regards them as materials 
which have risen from the deeps along bedding planes, somewhat like 
a large oil globule, and have locally converted the sediments into roches 
verles. 

Lepsius and Giirich have attached themselves to the French views 
more fully than other Germans. Lepsius with Barrois emphasizes the 
absorption of contacts by rising granite magmas; while Giirich has 
emphasized the action of mineralizers rising from magmas. Lepsius 
(1903) has maintained that the injection of a granite laccolite concordant 
with the parallel structures of the intruded rocks results in the intrusive 
forming granite gneiss, while with discordant injection it forms a massive 
granite. In both cases large quantities of the intruded rocks are 
absorbed, giving rise to variations in the composition of the intrusive. 
Giirich (1904), on the other hand, maintains that the material alteration 
of sediments and their conversion into gneisses is not due to a granite 
magma rising from the deeps, but is accomplished by the melting of 
compressed solid granites enveloped by sediments, on sudden release of 
pressure which results in absorption of the inclosing schists and alteration 
to gneiss. 

Haug conceives that in geosynclinals, heat, pressure, and ascending 
mineralizers are sufficient to melt or partially convert sediments into 
granite magmas which consolidate into magmas on cooling. LeClere 
(1906) and P. Termier (1907), having similar views, hold that from the 
upper portions of the masses converted into granite magmas very little 
injection and impregnation of the surrounding rock results. The action 
of mineralizers in the upper portions has been just sufficient to convert 
the rocks into a granite magma. 

E. STEIDTMANN 





—— 


SL A 








PETROLOGICAL ABSTRACTS AND REVIEWS 277 


Parron, H. B. “Topaz Bearing Rhyolite of the Thomas Range, 

Utah,” Bull. Geol. Soc. America, XIX (1908), 177-92. 

Discusses the environment and conditions of origin of these rather 
well-known topazes. 

The topaz-bearing rock is a lithoidal rhyolite several hundred feet 
thick, the last of a series of five flows. Flow structure appears but 
locally and although the rock shows no solid spherulites, well-developed 
lithophysae are relatively abundant. These are lined with crystals of 
quartz, sanidine, garnet, specular hematite, topaz, and bixbyite. Topaz 
is also an important ingredient of the rock mass and the author describes 
the three varieties found. 

1. Transparent topaz, which always occurs in small cavities in the 
rhyolite and was formed after the lithophysae were complete. 

2. Rough opaque topaz, which abounds in the solid rock as well as in 
the cavities. The crystals are longer than the transparent variety, 
gray in color, with ends roughened as though subjected to the action of a 
solvent. The interior of these crystals is crowded with sharply defined 
quartz grains. 

Forms transitional between groups 1 and 2 are found, from which it 
would appear that the two varieties are due simply to different conditions 
of growth. 

3. Smooth opaque topaz, which is analogous to the rough opaque 
variety in habit, color, and occurrence. This variety has been found 
in but two places in this region, in each case having been developed in a 
fragment of rhyolite tuff which had been caught up in the rhyolite 
streams. These crystals are characterized by extreme smoothness of 
faces and the usually perfect terminations at either end. 

Che inclosing rock is quite similar in composition to the rhyolite in 
which it is imbedded. Thin sections show an aggregate of very irregular 
grains of quartz and of sanidine that vary in size from o.1 mm. down- 
ward. The topaz crystals are perfectly normal and inclose countless 
minute and invariably sharply defined crystals of quartz which together 
make up about one-fourth the bulk. No other inclosures are found. 

The writer concludes from his study of these topazes: (1) that the 
period of quartz crystallization was nearly the same as that of the topaz 
formation, and (2) that the agencies which caused the development of the 
topaz in the cavities also caused its development in the rock mass, in 
which space was provided partially by the complete removal of the feld- 
spar and the recrystallization of the silica in definite crystals of quartz. 
This makes the opaque topazes not exactly foreign matter but an integral 


part of the rock. Harotp E. CuLtver 
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Rocers, AusTIN F. “A New Specific Gravity Balance,” Science, 
XXXIV (1911), 58-60. 

This is a modification of the ordinary beam balance by which the 
specific gravity is read off directly from the beam. The graduations on 
the beam are the results of calculations for the various densities. The 
graduation is in units from 2 to ro, in tenths from 2 to 4, in fifths from 
5 to 6, and in halves from 6 to ro. For such minerals as quartz, using 
a mass of two or three grams, the balance is accurate to about two units 
in the second decimal place. 

HAROLD E. CULVER 


Rocers, G. S. “The Geology of the Cortlandt Series and Its 
Emery Deposits,’ Annals, N.Y. Acad. Sci., XXI (1911), 
11-86. 

The Cortlandt series, best known perhaps through the classic 
researches of George H. Williams, covers about thirty square miles just 
southeast of Peekskill, N.Y., on the Hudson River. The following 
rocks, the distribution of which is shown on a colored map, constitute the 
principal types, although many of them grade into one another; granite, 
syenite, sodalite syenite, diorite, gabbro, hornblendite, biotite norite, 
augite norite, biotite augite norite, hornblende norite, biotite horn- 
blende norite, olivine norite, quartz norite, pyroxenite, hornblende 
pyroxenite, olivine pyroxenite, biotite peridotite, and many dike rocks. 
Complete petrographic descriptions are given, together with seventeen 
new analyses. Surrounding the series is the Manhattan schist, associated 
with the Fordham gneiss and Inwood limestone, and xenoliths of these 
rocks are found in the series itself. The latter is therefore younger, but 
is older than the Triassic shales across the river, and is probably late 
Paleozoic. In general, no metamorphism is found in the series, but an 
original gneissoid structure is common; and from the evidence afforded 
therein, as well as from the distribution of the types, it is thought that 
the pyroxenite group was extruded first, followed closely by the norites, 
with the granites distinctly later. The position of thé diorite group is 
problematical; it is possible that these types are the product of reactions 
between the igneous rocks and the surrounding metamorphics. 

It is found that contact action between the igneous rocks and the 
limestone give rise to abnormal wernerite, tremolite, and grossularite 
mixtures; and similarly, contact with the aluminous schist produces a 
concentration of the biotite and magnetite of the latter, with the fre- 
quent formation of almandite, sillimanite, spinel, corundum, etc. The 
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similarity of the phenomena exhibited at the emery mines with those 
shown on the borders is thought to indicate that the ore owes its origin 
to the inclusion and assimilation of schistose xenoliths, producing a 
local supersaturation of alumina which resulted in the deposition of 


corundum. 
AUTHOR’S ABSTRACT 


ScHwartz, E. H. L. “What Is a Metamorphic Rock?” Geol. 
Mag., VIII (1911), 356-61. 

In propounding this apparently academic query, the writer is actuated 
by the appearance of certain taxonomic inconsistencies in the latest 
treatise on metamorphism—Grubenmann’s Die kristallinen Schiefer— 
which he believes would have been obviated by a more precise definition 
of the term. Van Hise defines a metamorphic rock as one that has been 
altered; but it is tacitly understood that a sediment does become meta- 
morphic through induration, for example, nor will the development of 
pegmatitic structure remove a granite from the igneous class. Starting 
with the conception of the three zones of metamorphism, marked by 
increasing pressure and by the increasing molecular volumes of the rocks 
formed, Professor Schwartz notes the fact that the molecular volume of a 
true igneous rock will be still higher. Now solvent water is the agent 
active in forming the characteristic minerals and structures of igneous 
rocks, and this leads to an essential difference between them and the 
metamorphics. In the former the pressure is so great that the solid 
particles move freely into the solvent, allowing the chemical affinities 
of the molecules to satisfy themselves, while in the latter only the borders 
of the grains are rendered fluid, the chemical affinities are restricted, and 
the law of least molecular volume comes into play. Thus a meta- 
morphic rock would be one in which the internal or molecular pressure 
had been less than the external or dynamic, so that certain peculiar 
minerals have resulted. Some of these, such as epidote, lose their crystal- 
line form long before fusion, indicating a probable expansion of the mole- 
cule, under conditions which allow the chemical: affinities full play. 
These minerals when found in a rock may therefore be accepted as criteria 
of its real nature. 

This paper does not arrive at any very satisfactory conclusion, from 
a practical standpoint; but it must be remembered that it is primarily 
a protest against the want of definitiveness in the terms ordinarily 
employed, and that the author’s recourse to physical chemistry is both 


tentative and reluctant. 


G. S. ROGERS 
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WorKMAN, RACHEL. “Calcite as a Primary Constituent of 


Igneous Rocks,’ Geol. Mag., VIII (May, 1911), 193-200. 
Pls. 2. 

In this short paper is presented a very interesting description of the 
alkali igneous complex on the islands of Alné and Langérsholmen, 
Sweden. The evidence seems conclusive that in this group of rocks 
calcite occurs as a primary constituent; in fact the two chief types of 
igneous rock are nephelite syenite and an almost pure calcite rock. 
Between these two extremes there are all gradations. No definite order 
of crystallization can be observed but the calcite is as a rule the last 
mineral to crystallize. The same minerals occur in the two types of 
rock except that cancrinite, which is abundant in the nephelite syenite, 
is absent where calcite is abundant. 

The author calls attention to other areas of igneous rocks where 
calcite has been described as a primary constituent and discusses briefly 
the possible magmatic history of the mineral. Daly’s theory of the 
absorption of limestone by a subalkali magma does not seem to be 
applicable here for lack of the necessary limestone. Hégbom’s conclu- 
sion is, that the calcite has crystallized from the magma in a manner 
exactly analogous to the other minerals. 


R. Lioyp 
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The Geology of the Neighbourhood of Edinburgh. 2d ed. By 
B. N. Peacu, C. T. CLtoucn, L. W. Hinxman, J. S. GRANT 
Witson, C. B. Crampton, H. B. Maure, and E. B. BaILey, 
with contributions by J. Horne, W. Grsson, E. M. ANDERSON, 
and G. W. GRABHAM, and petrographical chapters by J. S. 
FLetT, Memoirs of the Geological Survey, Scotland. Tan- 
field, 1910. Pp. 445; figs. 19; maps 1. 

Since the publication of the first edition by H. H. Howell and Sir 
Archibald Geikie in 1861, more detailed study has brought about newer 
interpretations, and the development of mining has allowed more dis- 
coveries to be made. The present edition brings up to date the inter- 
pretation of the geology of this district. 

The rocks of the region represent periods of sedimentation, extru- 
sion, and intrusion from the Silurian to the Permo-Carboniferous, from 
which time on there is a hiatus until the Pleistocene and Recent 
which are represented by glacial, lake, and other characteristic deposits. 
[he sedimentary formations and the igneous rocks are described in 
great detail, and the paleontology and petrography are very complete. 
One chapter is given to the economic geology, which is limited prin- 
cipally to the coal deposits. 

\ complete bibliography covering the geology of the area described, 
is appended. The geologic map of the entire region reported on does 


not accompany the memoir. A. E. F. 


The Stratigraphy of the Older Pennsylvanian Rocks of Northeastern 
Oklahoma. By D. W. OHERN. Research Bull. No. 4, State 
Univ. Okla., 1910. Pp. 40; table 1; map tr. 

In this bulletin the Pennsylvania strata are discussed, and a few new 
subdivisions are differentiated and named. The rocks of southeastern 

Kansas, studied by the Kansas geologists, are correlated with those of 


northeastern Oklahoma. A. E. F. 


Geology and Water Resources of the San Luis Valley, Colorado. 
By C. E. SIEBENTHAL. Water-Supply Paper No. 240, U.S. 
Geol. Survey. Pp. 128; figs. 15; pls. 13. 

The geography of the valley is described with special reference to 


the hydrography. At the point where the Rio Grande leaves the valley, 
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its volume is always above a certain minimum due to an artesian supply. 
The formations of the valley are the Santa Fé, composed of conglomerates 
and intercalated lava flows, and the Alamosa, a lake deposit, which, 
because of its sand beds interstratified with a series of blue clays, satisfies 
the necessary conditions for an artesian circulation. 

Most of the waters from the streams sink into the alluvial fans soon 
after they enter the valley, and this furnishes the water supply for the 
aquifers. If all the waters entering the valley were used for irrigation, 
it is estimated that 20,000-25,000 acres could be made productive. 
Most of the 3,234 wells in the valley are flowing, and a large number are 
used primarily for irrigation. They are described by localities; many 
records and twenty analyses of the waters are given. A peculiarity 
of the wells in the trough of the valley is the presence of small amounts 
of gas and brownish-colored water due, respectively, to vegetable accumu- 
lations and alkali deposits in the Alamosa formation, formed during an 
arid time when the lake was much shrunken. Springs are not uncom- 
mon, and of these several are of the thermal type. The accompanying 
topographic map shows the limits of the flowing wells, the gas field, and 
the colored waters. A. E. F. 


The Origin of the Thermal Waters in the Yellowstone National Park. 
By ARNOLD Hacue. Science, V.S., XXXIIT, 1g11, 553-68. 

The conditions of the region are such as could give rise to springs. 
The gases escaping from the waters and the substances held in solution 
could be derived from the rocks traversed, and they vary in composition 
according to the chemical nature of the rocks through which they ascend. 
For these reasons it seems that these thermal waters have a meteoric 
origin. Of interest is the clear explanation offered for considering a 
geyser but one phase in the development of some hot springs. 


A. E. F. 


Reconnaissance of the Geology and Mineral Resources of Prince 
William Sound, Alaska. By U.S. Grant and D. F. Hicerns. 
Bull. 443, U.S. Geol. Survey. 1910. Pp. 89; figs. 9; pls. 12. 

The two divisions of the sedimentary rocks are the Valdez and the 

Orca groups, both of which are closely folded, and the latter lies uncon- 

formable on the former. Basic flows of greenstone, ellipsoidal in many 

places, are so intimately interstratified with the Orca, that they are 
discussed as a part of that group. Granitic bosses and dikes of diabase, 
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gabbro, diorite, and aplite intrude the sedimentaries. The petrography 
of the igneous rocks is rather detailed for a reconnaissance report. 
Sheared zones occur in the greenstone, and these carry important 
copper values, the only mineral of importance being chalcopyrite. 
Practically no oxidized zones are found. Auriferous quartz veins also 
occur in the region, and one gold mine is in operation. A. E. F. 


Geology and Mineral Resources of the Solomon and Casadepaga 
Quadrangles, Seward Peninsula, Alaska. By PuHtip S. SMITH. 
Bull. 433, U.S. Geol. Survey. 1910. Pp. 234; figs. 26, 
pls. 16. 

This bulletin is the first of a series to describe in detail the geology 
of Seward Peninsula. The results of reconnaissance work for the whole 
peninsula are discussed, to give a general setting, and then the detailed 
geology of these two quadrangles is described. The rocks of the region 
are of sedimentary and igneous origin, practically all of which are highly 
metamorphosed. The metamorphosed sediments consist of the Solomon 
schist (pre-Ordovician [?] ), the Sowik limestone (Ordovician [?] ), 
the Hurrah slate (post-Ordovician [?] ), and the Puckmummie schist 
(post-Ordovician). The metamorphosed igneous rocks are the Casade- 
paga schist, and greenstones. After the intense diastrophic movements 
that affected these rocks, others were deposited and intruded. Of the 
later sediments, but very small amounts of a conglomerate are left, and 
the igneous rocks consist of granitic and basic intrusives, none of which 
cover any considerable area. Unconsolidated deposits of recent age 
are found as stream gravels, high level gravels, and in the coastal plain. 

This region is of economic importance because of its gold production. 
Auriferous quartz veins are numerous, but their values have been such 
that only one mine has ever been on a paying basis. The most important 
veins are largely limited to the Hurrah slate, and the contact of the 
Sowik limestone and the Solomon schist. By far the largest production 
has been from placers in the river gravels, and the locations of the ones 
where the best values are recovered is down stream from the outcrops 
of the Sowik limestone. A few dredges are in operation, and they have 


been very profitable. A. E. F. 


The Copper Handbook, Vol. X, 1910-11. By Horace J. STEVENS. 
Houghton, Mich., 1911. 

As in the past, the work contains condensed information regarding 

all the known copper mines of the world, giving a sketch of the financial 








— —_ -- = ane 





2 





284 REVIEWS 


history, and a brief statement of geologic and economic conditions of 
each. It forms an invaluable book of reference for everyone interested 
in the copper industry. The data are brought up to July, rgrr. 


A. D. B. 


The Relation of Bornite and Chalcocite in the Copper Ores of the 
Virgilina District of North Carolina and Virginia. By 
FRANCIS BAKER LANEY. Proc. U.S. National Museum, XL. 
Washington, 1911. Pp. 523-24; pls. 63-69. 

After a brief discussion of the geology of the region the author 
describes sections of the ores from a microscopic study. None of the 
bornite appears to be secondary. The chalcocite occurs as secondary 
veinlets in the bornite, and as intergrowths with bornite showing that 
in the latter case the two minerals formed simultaneously. The author 
confirms Graton’s view that the chalcocite is primary, and the evidence 
isconvincing. If, however, the ore deposits are older than the metamor- 
phism, the same result could arise from the recrystallization of a second- 
ary ore. This possibility has not been discussed but is suggested by the 
work of Emmons in Maine and in the Ducktown region. 


A. D. B. 


Tron Mines and Mining in New Jersey. By W.S. BAYLEy. Geo- 

logical Survey of New Jersey, Vol. VIII, 1910. Pp. 512; 

pls. 13; maps 1; figs. 31. 

The report gives a brief history of iron mining in New Jersey since 
its initiation in 1685. _ A brief outline of the geology of New Jersey 
pertinent to the subject follows, and the remainder of the report deals 
with the iron ores themselves. These are of four types, bog ore, limo- 
nite, red hematite, and magnetite. In early years considerable bog 
ore was utilized. Later, the limonites became of importance. At 
present, the magnetites are mined almost exclusively. The ores are 
described separately, as to their appearance, chemical composition, 
manner of occurrence, origin, and production. Much space is given 
to the description and history of individual mines. - € ¢, 


The Mineral Production of Virginia during 1909 and 1910, Biennial 
Report on. Virginia Geological Survey Bulletin No. 6. Pp.123. 
Che mineral production for 1909 and 1910 is summarized, and com- 
pared with that for several previous years. Iron, coal, and clay are of 


major importance. The production of most of the substances mined 
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is nearly stationary or is decreasing, except in the case of coal. About 
six and one-half million tons of coal were mined in 1910, as against four 


and three-quarter million tons in 1909. m ©. €. 


{nnual Report of the Bureau of Mines, Ontario. Vol. XX, Part 1, 
191t. Pp. 284; figs. 39; pls. 11; maps 4. 

[he mineral production of Ontario for 1910 is reviewed, and com- 
pared with the productions for the past five years. Most noteworthy 
is the great increase in the amount of silver mined in the Cobalt dis- 
trict, an increase of over $3,000,000 above that of the previous year. 
[his raises the production from these mines to over $15,000,000 for 
1910, and places Canada third in rank among the silver-producing 
countries of the world. The value of the nickel from the Sudbury mines 
also reaches over $4,000,000 in 1910, an increase of more than $1,200,000 
above the previous year. 

The remainder of the report contains the following papers: ‘‘ Mining 
Accidents,”’ by E. T. Corkill, pp. 59-85; “Mines of Ontario,”” by 
E. T. Corkill, pp. 86-118; “Silver in the Thunder Bay District,”’ by 
N. L. Bowen, pp. 119-32; ‘The Sturgeon Lake Gold Field,” by E. S. 
Moore, pp. 133-57; “Gold Fields of Lake of the Woods, Manitou, and 


Dryden,” by A. L. Parsons, pp. 158-98; “Vermilion Lake Pyrite 
Deposits,”” by E. S. Moore, pp. 199-213; “Iron and Lignite in the 


Mattagami Basin,’’ by M. B. Baker, pp. 214-46; “Notes on the Salt 
Industry of Ontario,” by N. L. Bowen, pp. 247-58; “A Geological Trip 
in Scotland,’’ by W. G. Miller, pp. 259-69; “The Mining Law of Onta- 
rio,” by S. Price, pp. 270-79; “‘The Laurentian System,”’ by W. G. 
Miller and C. W. Knight, pp. 280-84. m <. <. 


Notes on the Geology of the Swedish Magnetites. By D.H. NEWLAND. 
New York State Museum Bulletin 149, Pp. 107-109. 

The author describes the nature, occurrence, and genesis of the 
principal magnetite deposits of Sweden, viewed while attending the 
International Geologic Congress at Stockholm in 1910, and compares 
them as far as possible with similar American deposits. While mention- 
ing the bog-iron deposits and the low-phosphorous magnetites, he takes 
up in particular detail the great deposits of high-phosphorous magnetites 
at Kiruna and Gellivare. These ores occur in lenses, bands, and chim- 
neys, as magmatic segregations from quartz porphyries and sodic syenites. 


The Kiruna ores are massive and non-granular, having been subjected 
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to little or no metamorphism since deposition. At Gellivare the rocks 
have been subjected to powerful metamorphic agencies, which have 
caused the magnetites and their included minerals to assume a coarsely 
crystalline phase. The writer regards the Adirondack magnetites as 
illustrations of similar deposits that have undergone a still more extreme 
metamorphism. m ©. C, 


Biennial Report of the State Geologist. North Carolina Geological 
and Economic Survey, 1911. Pp. 152. 
Discusses the work of the Survey during 1909 and 1910 as to high- 
ways, hydrography, forestry, magnetic surveys, and fisheries. 


~ <. €. 


Uranium (Radio-active) Ores and Other Rare Metals and Minerals 
in South Australia. Geological Survey of South Australia, 
1911. Pp. 12; plates 4; map r. 

The report gives an account of recent discoveries of large deposits 
of low-grade uranium ores in the Flinders range. The ores occur in 
the oldest rocks of the state; the outcrops consist of a gossan of quartz 
and iron oxides principally, containing o.2-0.5 per cent of uranium 
trioxide. The uranium is present as secondary uranium minerals, 
torbernite, autunite, gummite, carnotite, etc. It is stated that values 
are found to increase with depth, and that primary uranium minerals 
are expected to be found shortly. Other rare earths, as ceria, thoria, 
yttria, etc., also occur in the deposits. A oa ee 


Comparative Sketch of the Pre-Cambric Geology of Sweden and New 
York. By James F. Kemp. New York State Museum 
Bulletin 149, pp. 93-106. 

The oldest rocks of the Swedish pre-Cambrian consist of a great 
complex of both igneous and sedimentary types; the sediments include 
conglomerates, quartzites, limestones, sedimentary gneisses, etc.; and 
the igneous, a great variety of intrusives of the highest interest. It is 
in these rocks that many of the great deposits of iron ore are found. 
Intrusive into this great complex are the Serarchean granites, which 
are divided by Hégbom into four principal types. Following the intru- 
sion of these granites, and closing the Archean, came a period of vast 
denudation, considered by Hégbom as the greatest time-break in the 


history of the earth. On the eroded surface the Jatulian sediments 
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were later deposited; in Finland these consist of quartzites, schists, 
dolomites, and beds of anthracitic carbon; in age they are probably 
equivalent to our Upper Huronian. Into these, after a period of folding, 
the rapakivi granites were intruded; and, at a still later date, a variety 
of other intrusives. Then came a great period of denudation and very 
omplete peneplanation, before the deposition of the Jotnian sandstones. 
[hese sandstones are subaerial deposits, little metamorphosed, and 
considered the equivalent of our Keweenawan. After another period 
f complete peneplanation the Cambrian was laid down. Unlike most 
of the Cambrian of America, the Swedish Cambrian has a weathered 


breccia as its basal facies. - << 


A Geographical Report on the Franz Josef Glacier. By JAMES 
MACKINTOSH BELL, with Topographical Maps and Data by 
REGINALD PALMER CREVILLE, and Botanical Notes by 
LEONARD COCKAYNE. Department of Mines, New Zealand 
Geological Survey. Wellington, New Zealand, 1910. Pp. 14; 
maps 3; photographs 6. 

The Report is a very readable description of the Franz Josef Glacier 
system, which is of the valley type, and descends to an altitude of only 
692 feet above sea-level, although it lies in latitude below 44°. The 
topographic maps are not contour maps. The Botanical Notes give a 
list of the plants found between the glacier and the coast-line. 


A. E. F. 


A Report on the Geological and Mineral Resources of the Arbuckle 
Mountains, Oklahoma. By CHESTER ALBERT REEDS, PH.D. 
Oklahoma Geological Survey. Bulletin No. 3. Norman, 
Okla., December, tg10. Pp. 69; plates 24; figs. ro. 

The Arbuckle Mountains are a moderately dissected plateau ranging 
in elevation from 1,300 feet in the north and west to 750 feet in the south- 
east portion. The mountains came into existence in Pennsylvanian 
times, and since then have been subjected to elevation at three different 
times, as attested by records of the Cretaceous base level and the inter- 
rupted Miocene and Pleistocene erosion cycles. 

The region consists of pre-Cambrian granite and porphyry upon 
which rest unconformably approximately 10,000 feet of Paleozoic 


sediments, ranging in age from Middle Cambrian to Pennsylvanian, and 
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which have been differentiated into ten formations, of which only one, 
the Hunton, has been fully studied. 

The structure of the Arbuckle Mountains consists of two sets of 
complex folds that intersect each other at almost right angles, forming 
pitching anticlines, synclines, domes, and basins. These have been 
considerably affected by subsequent erosion and normal faulting. 

The economic resources of the Arbuckles have been but little utilized. 
Chey consist of iron and manganese, among metallic minerals, and of 
extensive bodies of asphalt, glass sand, cement materials, building stone, 
sand, gravel, etc., of the non-metallics. A. E. F. 


‘“Osteology of Pteranodon.”” By GrorGcE F. Eaton. Memoirs of 


the Connecticut Academy of Arts and Sciences, I1 (1910), pp. 
1-38; Pls. 31. 

The writer, whose acquaintance with vertebrate paleontology began 
with the collection of a specimen of Pteranodon, takes especial pleasure 
in the expression of his appreciation of the present memoir by Dr. Eaton. 
Che rich material of this genus in the Yale collections is unsurpassed, 
and it has been well utilized in the present paper, with its large number 
of excellent illustrations. Nearly every important point in the osteol- 
ogy of these remarkable creatures has now been conclusively determined, 
and of all nothing is more anomalous than the structure of the palate, 
which as figured and described by the author (and the writer can testify, 
correctly) seems inexplicable for a vertebrate. The extraordinary occip- 
ital crest justifies Marsh’s original figures, though the author finds in 
other specimens or species a shorter crest as figured by Williston; and 
it is also another evidence of that peculiar osteological acumen possessed 
by Marsh which has seldom been excelled among paleontologists. One 
could wish that Dr. Eaton had entered more fully into some of the 
disputed points ‘about the relationships and characters of the genus, 
but the omissions are immaterial in comparison with what he has given. 


S. W. W. 





